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EDITOR PREFACE 

CHE first English edition of Lunges Sulphuric Acid and 
Alkali appeared in 1879. Since that date the book has been 
revised and extended in subsequent editions until, with the 
companion volumes® on Coal Tar and Ammonia* it extended 
to nine volumes, covering most of the heavy chemical industries 
of BritaiiT. A supplementary volume on Sulphuric and Nitric 
Adds by Dr Lunge in 1917 marked the end of his long labours 
in this field, jyid he informed the publishers that he coqjd no 
longer 4 indertjkc the preparation of new editions. The mere 
compilation Of the volumes which he wrote would be in itself 
a Wonderful achievement, but Dr Lunge’s place in the history 
►of chemical /industry is due still more to the fact that ^he 
played a leading part in the discoveries and improvements 
which built up the industries of which he wrote. 

By a curious coincidence, the end of Dr Lunge's long 
literary labours came just as the processes which # he originally 
described died out. 1 The Hargreaves processdias gone, in this 
country'at least ; the Leblanc process is dy/ig, if not actually 
dead already; even the chamber process for sulphuric acid 
fias now a competitor that threatens to l}eco*p*e a rival. 

•The volumes written by Dr Liihg«*havb e^fcaped^cofimon 
criticism of factory managers that books give only^an outline 
of a manufacturing progpss®; indeed the only criticism has Dee*i 
that Dr Lunge's books gave aHnost 4 oo much detail. ^Tt^jnay, 
however, be realised how^mportzy* is a ateta/T relating to a 
matter w^lviflg a poyible saving of onfy t>n£-tenth^>f one per* 
when it is pfcjpted put Jljat thjj'gmall^economy in the 
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maiufaoture o? sulphuric acid would nlcan a saying if thousands 
of pounds, since ^e v^e of the sulphyric acid jnarfufacturtd 
annually in Grcat # Britain alone ^motnts to several fftillion 
pdlfids. * • * % 

Each newVcditiog of thfs series has been an expansion 
and extension of that which preceded it, fuller treatment 
being Accorded to subsidiary manufactures as they increased 
in commercial importance, until the yame Sulphuric Acid 
and Alkali became a cover for* what was practically ar^ 
encyclopedia of the heavy chemical industries. 

The last arrangement inty volumes ancV parts Was largely 
fortuitous, having arisen from uneven growth of knowledge 
and commercial development in different branches, and as 
this appeared to be a favourable opportunity for instituting 
a new arrangement, it was decided to sub-divide the work 
into sections more in accord with modern developments. The 
last fl?w years have brought with them so many Changes in the? 
chemical industries that the revision required ifc most of the 
volumes. will involve such drastic recasting that the new edit^m 
will be more a new book than a revised edition# ^ ^ 

•It is doubtful if any one man could take up Dr Lunge's 
task of describing adequately all the industries now dealt 
with in%^esc volumes, and it is certain that few would care 
to attempt it. Each volume will therefore be on a special 
subject and dealt with by a separate author who is respon- 
sible for that vAumc, and is given #a wic\p discretion in fiis 
treatment of the subject. 

The editor trusts tllat tlfese united efforts will produce » 
new edit^on^ worTjy oj th<^gr<£at tradition which Dr Lunge l^s 
established. • s 

\ The echtor will be pleasod to consider fo^ publication* in 
this scrijjs aify manuscripts or t ofiginal *wc*k on this or allied 
subj«*s> * A. C. C. 

\ 

Liverpool, March 1923.** 

* * a 



AUTHOR’S PREFACE 

The «s*tended scope of«th # e new and enlarged edition of 

0 

Lunge’s Sulphuric Acid and Alkali , of which this volume forms 
a part, has % made it possible to* present an account of the 
manufacture of nitric acid from Chili saltpetre much more 
fully than was attempted previously by Lunge. 

Although I have taken advantage of the wealth of 
information provided by Lunge in previous editions, the present 
work is almost entirely new and embodies much of*the 
experience gained in nitric acid and nitrate manufacture during 
the ^recent war years. Lunge's disconcerting breaks of con- 
tinuity are jvoirled by collecting patents *and references 
together at the ends of chapters, thus allowing the general 
reader freedom from a multitude of references but at the same 
time providing such extended information, and in a fofm more 
easily referred to, for those requiring it. Information kindly 
.supplied from various^sourccs in regard to the forking of nitric 
acid plants has been given as received in order to retain for the 
riders direct contact with a numbd 1 of different workers, 

Jt is hoped that the method. of^rea£meSt adqjjJed will, 
commend itself as being separately serviceable ifoth for gerieral 
reading and for reference purposes* 

Tn compiling the* present w<jrk I# have ntade* free ^ use of 

* * * 0* Ml 

published treaties and periodicals pealing with the subjects 
under coflStderfftion, yid through the courtesy of* the late 
^S|py i * nte ndent of hfjL Faftory,Gretng (J*. C.lBurnfftim, Esq’ 
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G&I.,£.B.E* B.Sc.), have had accens to information available 
in- thd records o^that (^ctory. 

% *I Wish specially to thank W.*L. Vellender, Esq., rffec., for 
<r^*y valuable help in the preparation of Chapters^, and YU I., 
Dr G. A. Wefsh foi*the article on Acid Burns, Poisoning by 
ifcid prases and Medical Equipment* al\d N. V. S. Knibbs, Esq., 
B.Sc., A.I.C., for helpful criticism and^for undertaking the 
tedious task of reading and correcting* proofs. 

My thanks are due % and are hereby tendered to the Chiliaif 
Nitrate Committee for providing information forming the basis 
of Chapter J., and to the many firms and individuals* who have 
so kindly placed information at my disposal. 

Finally, I gratefully acknowledge the continued •help given 

to me by my* wife in th*e writing and arranging of the work. 

• 

ALLIN COTTRELL. 

University, Edinburgh, 

July 1923 . • 
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NITRIC ACID AND NITRATES 


CHAPTER I 

RAW MATERIALS for the manufacture of nitjuc acid 
BY T*IIE RETORT PROCESS 

Nitrate of Soija. 

Chili Deposits. 

Natu R a L»d eposes of nitrate of soda of vast extent are found 
in C'hili. The usage of this material in agriculture and in 
chemical industries has led to intensive working of these 
deposits, and the fcidustry which has developed "in the produc- 
tion «f nitrate of soda has assumed world-wide importance" 
since their discovery in 1809. 

It is estimated that the known deposits contain 240 million 
tons of available nitrate, and therefore it seems highly probable 
that the industry in Chili will remain of far-reaching impor- 
tance#for many years Jin spite of future developments in the 
fixation of atmospheric nitrogen. 

It is certain, however, that if the industry is to continue 
sudfcessfull^*the most diligent attention \till hEvg-to be paid 
to thg more economic extraction of {Ju* # ®itraie. # Signs a*e not 
wanting that the Chilian nitrate producers are* at last alive 
to the necessity of conducting oareful research -ihto the 
possibilities of moVe effiefenf mtthods of extr^ctiq# f 

Recently Professor F. G. Donnftn investigated*^# CkiJi 
nitrate industry {or a group of En^ish Companies, and the 
results of his*stucff of existing inefficient pr&ctjces, hi^,recom- 
mendations # for impr 6 \ 4 ment and outli;ies,<ifor#an elaborate 
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*■ general research programme are gjven in Cfln/icla publication 
.devoted to theiindu^ry. • % / , 

• -Vnecorfomic ^Extraction.— ^he following statemdht of an 
Average nitrate* officina’s working, 2 shows in £ striking way 
the seriou* extent of nitrate loss in the process at present 
in use. * • 


f Vuit. 

Weight of raw material— caliche % . * 1060 tons 
Nitrate content at 17 per cent. . 9 j*<* „ 
Nitrate produced (50 per cent, yi^ld) * 
Nitrate in refuse * 

Bulk— ripio — at 3-4 per cent. 

Fines— borra 

Unaccounted losses . * . 


85 tons 50 per cent. 



34 „ - 
*7 „ 9 - 
34 „ * 
170 tons - 


20 

10 


100 per cent. 


Fig. i.— South America showing Chili. 


Location. — The nitrate 
country proper is confined to 
a belt of .Chili running north 
and south between latitudes 
1 9° and 26 r ' % south,#and lying 
mainly between 69° and 70° 
west longitude. The belt is 
approximately 420 miles lot?g, 
but varies very much in* width 
from about 3 miles in the 
north to 25 to 30 miles in the 
south. The deposits are not 
continuous, but are more or 
less missed at varying*inte^- 
v;Tls tm-oughout the nitrate 
belt. 

Nitrate Districts.— *For 
purposes of administration the 
various workings are grouped 
together into the following 


o *<*vv me lUHUWlIlg 

districts ^om^north to sopth : ’(ijT Tarapaca; (2) Tocopilla- 

Qf) ActQ%asta;,( 4 ).J\gua6 Blancas; (5) Taltal, the general 
• < % . 

1 Caliche , 1921,4, No. 9, 387*403; 1922, 3, N<?*io, 457-70; 1022. 3, 

No. IV483-50V • c x t . * * 

2 Hobsbaurrf anc^Grigioni, / c §oc. Q/iem. IQ17, se, 57. 




. CHARACTER OF NITRATE COliNTRT I 
situation V>f |\yhicb. is inditated on the accompanying* map 

(Fi» 2)- * ' ‘ • 

Character of Country-— F ig. 4 is ^•diagram shdtoirfg 
a general «ros« section of tht? 
nitratj: country from the sea 
coast to the Andes. 

Fig. 3 shows a birc^s-ayt^ 
view of the same ccRintry. 

The whole district is suifburnt # 
bare, barren, and uninviting. 

The melting of the snows on 
the Andes f<s>eds a number of 
rivers which flow in a westerly 
.direction towards the sea. 

With one exception, however, 
the Rio Loa, these rivers 
eventually lose themselves in 
the plain before re’aching the 
se 3 . 

The region *s practically 
rainless, but heavy moisture 
deposits in the forip of dew are 
iTot infrequent. The prevailing 
wind is very regular, and blows 
from the west and south-west. 

The wind in approaching a 
hot land area becomes capable 
of holding more and more 
fnoisture. In passing/>ver die 
coastal hills, however, the con- 
serpent refaction leads to 
formation of clouds and mists 
whieft are noticeable over the 
plain, but there is no notable 
rainfall until the* Andes, ane 
reached. 

The coastal hills form ^ 
barrier between tee plain and th£ sea, ancf raitur^l depressions 
on the landward side of# these hillf — which # ^ou^d be §0 many • 
, • 1 C him. ei 'Industrie i • 






MATERIALS 


FOR RETORT PROCESS 


~ Jakei if evaporation and infiltration did net mufh Exceed the 
corresponding Vonctensatfon— conllkin the accemiflated saline 
residue of the evaporation of centuries. * 

• Tempkkatukk.— As is to be expected fro®) tfoe elevated 
position of .the nitrate aneas the days are very hot, afid the 
nights cold. The temperature varies between and* 96® F. 

' (25? and 35 0 C.) during the day, juid 4 p° and 46° F. (4 0 and 8° C.) 
during the night. • 

Theories of Formation. — 1^1 any theories have been put 
forward to account, for the presence of the accumulations of 
nitrate of soda and other salts in these areas. One of these 
is that the beds were originally guano deposits similar to 
the existjng guano beds of Peru, but the absentee from the 
nitrate deposits of phosphates, which* arc always present in 
guano, is a serious objection to this theory. Another suggests 
that they arg the remains of stores of marine vegetation which 
existed in a volcanically trapped inland sea, since dried up. 
This theory does not explain the absence of bromides which 
would be expected from the decay of algal matter. A nfore 
recent theory postulates intense electrical* activfty in the 
air during past periods, with resulting production of oxides of 
nitrogen. Tine nitric acid produced by interaction of* these 

• gases with torrential rainfalls, acted on the mineral constituents 
of the soil, producing nitrate which infiltcred in solution. 
Subsequent capillary attraction brought the solution to the 
surface, and this resulted in deposition of the contained 


salts. • 

Ports. — The ports actively engaged in the exportation of 
nitrate are connected with the aitratJ^ fields by systems of 
railway. Unfortunately the railways are of varying gauge, and 
this hampers /reedim of transport throughout t^area. Jhe 
yearly exporf capacities in tons of nitrate of these ports are 
indicated on J*ig. 2. * 0 

Thq Nitrate Beds (Caliche). — The actual deposit of nitrate 
material J<nown as “ caliche ’Mies, ir\ layers ranging from a few 
ir^hSl to 3 or even 6 ft. J thick. The caliche lies under an 
overburdeTt of ?olt andjhard layers of “chuca” and “costra,” 
containing variable quantities of silica and «&lorides, sulphates, 
carbonates, etc., ^chiefly of sodium, ^potassium, tand calciyif^ 

This overburden "varies frbfn 14 ft. to as njuch as 2 Qoffciti 

. » • } 4 ’ c *'!l; . . 
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CALICHE 


5 


thickness. * Etetwee*! the caliche and the underlying voltanic 
rocky skeleton of the courftry lie the “ ®t>njel<f ” composed of 
soluble Alts (excluding filtrate) and the “ # <¥>ba,” consisting 
of loose sa*id «ind gravel. • 

COMPOSITION. — Caliche varies in.colour fjpm wjiite to black 
through many shades of brown. It is an extremely complex 
and variable conglomerate* with stony and clayey insoluble 
matters firmly cemented* by soluble salts. The proportion of 
insolubles ranges from o*tot5o # per cent, in different specimens. 
The soluble salts contained *in caliche are extremely numerous, 


o 



Fig. 4. — General E^st and West Section of the Nitrate Distort of Chili- 
Vertical Scale exaggerated. 


yet they do not all necessarily exist together. The following 
table, 1 gives the approximate composition of various caliches 
at present being worked. 


NaNO* . 
KNO, . 
NaCl . 
Insolubles 
CaSO, . 
Na 2 S(f 4 \ 
MgSO, j 


Per f’ent. 
J4 to 
2 „ 6 
8 „ 25 

25 » 5° 


Per cent. 

Borates of sodium and 

calcium . . . 1 to 2 

NaIO ; , .... 002 „ o-2 

PcrcTiloratt^ ^ • ® 

• 9 

» . Traces 


Chromates 
Sulfflionifratcs j 
Vanadates ' 


The analyses shown on next # pjge a 5 c from "Hobsbaurfl and 
Cirigioni. 2 • • • • • 

‘^Donnlai, Chem. ^c^Loitdon), 1919^ 1^534-^5. 

~^J. Soc. Cheyi.Jnd 36, 2, 53. 
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• • • A nalyses of Caliches. . i . 





■ 

r 


_____ 

— 

_■ — 


• 

IIi^li Ciriuli-. 

• 

• 


Low (lra 4 ‘ 


IVr pent, 

l 


• 

3 

4 

, 

-f 

• 

, 4 . 

• 

* • 

# 

— 


___ 



_ 

, 

Moiyuic . 

M 07 

^•003 

1-121 

2-?64 

1-061 

1-892 

2.173 

i* 95 i 

Cot.iSMiim mti.itc . 

... 


... • 

* ...» 

0-958 




Sodium n it i ate 

52-()f)0 

lS.700 

50-250 

33 - 6 ^; 

13*270 

12-4 

14*034 

13-160 

,, diloinle 


17-3 

30-2 

* 5*7 . 

'29*3 

13-9 

17.8 

9.1 

,, uni ile 

o-o 74 

0-151 

o-o j6 

0-014 

0-059 

0-062 

0-0 10 

0-152 

,, sulphate 


6-958 

1.226 

*. . 

8-220 

0-075 

... 

6-246 

Magnesium Milplule 

i . i (To 

2-441 

0-156 


0-885 

7 -op 


3.087 

Culuum sulphate 

2 * 5*5 

2-177 

3-1 10 

3-230 

4*026 

3-6 1 8 

5*456 

3-346 

,, nilutc 


... # 

... 


... 

... • 

3-935 


Insoluble 

r 5*677 

20-213 

* 3*9 

34*597 

42-213 

51*934 

* 56-513 

62-938 


9*945 

1 

99*913 

99 * 9< s 9 

99*992 

99*592 

99-922 

99 * 95 1 

99-980 


r 


The average of a lftrge number of samples of caliche from 
various districts gave the following percentage composition. 1 



Per Cent, 

NaNO. 

2^0 

K N O , . 

trace 

NaCl . 

. 20-13 

W^so, # . . . 

# 2-8o 

CaS 0 4 .... 

6-3 7 

^TgS^, 

4-05 

Insolubles 

. 45*50 

NaK), .... 

0-15 

Undetermined 

1-00 


Physical Structure. — T he physical structure of caliche 
is very variable, and this has an # important bearing dn its 
lixiviation. It is most commonly a breccia-like mass with 
stony nodules, and % of raedium hardness. Some samples are 
spongy, somfc. clayey, while others are very harS. Certain 
hygroscopic catfchbs o^e their character to their calcium nitrate 
content. The hardness of caliche is important from the point 
• of view of crushing, and is* to a large extenj dependent upon 
the nature bf tht insolubles. * * 

• Density. — Tht real •deiisity *of caliche varies from 21 
to 2-3. \ , *• . 

Prospecting* for * Nitrates. — Prospecting i\ don£ by 
1 •F. C. A{yrold f *p?ivat<? communication. , 
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. PROSPECTING FOR NITRATES 

systematical^ boring test holes at intervals of*about 120 yards 
ove* the area to be co.vefed. Thd wooers t>or^ holes with 



steel bars, and remove s^mple$ \yi£h, long scoops. Caly 
occasionally is necessary to yse ixplosivyl in sampling. 
The accompanying plan* (Fig. 6 ) -shows, apportion of a 

1 Chiui. et IfntUstrie, }$2o} 0 
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. PROSPECTING FOR NITRATES 

typical nitrafe area* It is^part of one of the'plims published 
by the Chilian Government indicating the prSspegting which 
has been # done on ground granted for a uction 0 * * *# 

The official publication accompanying such a plan shows,. 
for each test hole, the thickness of* the covering layers, of the 
caliche, and of the under layers, also the content of nitrate of 
soda, chlorides, iodine, arid sulphates (see Table on p. 8). * 

Further information te shown below. 

• • 


Typical Economic Shed of a Prospecting Nitrate Lot, 

• Santa Laura. 

• S<l Metros. 

Area of the caliche deposit . . . ^063^950 

Area sterile . . . . . 305,426 


Total area .... 1,369,376 

• • 

Numbor. 

Holes indicating the presence of caliche . . 144 

1 * Holes sterile ...... 40 • 

• 

Total number of prospecting holes . 184 


Average thickness of caliche . 
Average thickness of sterile ground . 


Metres. 

0980 

0705 


Total thickness 



Average nitrates in caliche . 

Average chlorides in caliche . 

Average iodine in caliche 
Average sulphates in caliclic 
Theoretical volume of the caliche, c.m. 
Quantity of caliche per c.m., tons . 1 

(Average density, 2-231) 

• • 

Total weight of caliche 
Less 23 per cent, waste 
Weight of working caliche \ 

Weight of recuperable nitrate 


Ter Cent 

W>39 
20-00 
0-0665 
7'36 
1.042,665-9 
• 2-53I 

• . 9 
* • 

Tons. 

2,326,187-6 

535,023- P 

i#?9i,i**5 
# 293,571-85 


Production oft* Nitrate of Soda. — The nitrate-bearing 
material, caMche, has to# be quarried, and tjie spdium # *nitrate 
sepaAted frqm the insolubles and\fie otliir sol able salts. 
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JfisrokfrAL—Thc separation of nitratQ of slda from the 
natural deposits of £outh* AmericA dates back to 809. # An 
ipipotus was givf p to its production* about 1830, whtf 1 its use 
as a fertiliser was recognised in Europe. , • 



Duryig the primitive period of production caliches con- 
taining lc^s than 50 per cent 4 of .nijrate of .soda were seldom 
weyketf— often 'the content Jvas 60 to 80 per cent. This rich 
caliche was lixiviated itf pans ewer open fires. The boiling 
liquor was Removed by lathes # to settling* tankj, where the 
insolubles and # suspended chloride werq deposited. *As soon as 
the liquid cleared it.Jv^s Ihdled to other paqs where iW was 
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THE SHANKS PROCESS , 

allowed to cfystaliise. Only occasionally wcfc* the residues 
(containing 15 to 25 per ceift. of nitrate) submitted ,to a second 
lixiviaticfti. Prior to 185^ ab^ut 200,000 tops of nitrate -were 
won in this manner. • 

Fit>m 1856 improvements in,* practice, were gradually 
introefheed, although the method of nitrate extraction remained 
fundamentally the same. Oj)en fires were done away with, \and 
steam (generated at 40 to 60 lb. per square inch) was injected 
in the boiling tank thrnugfi a perforated pipe placed on the 
bottom. Larger tanks were also introduced. Later, closed 
steam coils were used to provide heat in the boiling tanks 
without bringing about dilution of # the liquor. From 1856 to 
1876 some* 3 to 4 million tons of nitrate were produced from 
caliches containing at least 50 per cent, of nitrate.* 

Shanks Process. — From 1876 dates tfie introduction, by 
Mr J. T. ffumberstonc, of the Shanks process of methodical 
lixiviation, and this process has continued witfiout material 
alteration of method up to the present time. Since 1876 
lufndrcds of large and costly installations have been constructed, 
and about 55 million tons of nitrate have been extracted by this 
method. In this period the annual production of nitrate of 
soda has risen froqi 300,000 tons to 3 million to as (Fig. 7). 

Present Methods — Mining. — The loo^se tj>p covering of^ 
the caliche is removed and the caliche broken up by blasting. 
Bore holes are driven through the caliche into the cobajayer 
underneath. Here a charge of slowly exploding gunpowder, 
made on the works, is placed. On firing, much oj the loose 
covering layer is blown away, and the bed of caliche is broken 
up. An explosion with a»large rupturing power is desirable 
so that as big an area as possible is made workable. Workmen 
no^jv clear tl|c loose covering material, an <4 thc.calichc is then 
further broken up by use of dynamite cartridges add hand tools. 
The Caliche is then h£nd picked and loaded intf> strongly built 
mule carts, which carry it either to the works or to the railway 
loading stations where it is lpaded into tip-up wagons en route ' 
for the works. * • ^ 

Note . — The workmen ane abfe 1Jp gain § fairly accurate 
estimate of the Itttrate contqpt-*-to "within '.2 pej cent, of the 
material handled — by pushing a little, throwing it on to # glowing, 
tindn&and notiyg its behaviour. • 
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Crushing, j— 'At the works the caliche# is delivered to a 
receiving hqppet placed at a high level. From here'it feeds to 
j«w crushers vvh^fc it is broken# intef Jumps measuring up to 
,4 in. Usually the material from*the crushers is# not screened, 
but recently .steps, {lave hem taken to screen the material both 
before and after crushing, and so ease the subsequent lixivlation 
process. # 

L i. vivid t ion . — T h c crushed caliche is raised to the top of the 
boiling tanks by elevator or conveyer? and is supplied to the 
tanks through portholes in the roofs as desired. The boiling 
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EMPTYING 


Rig. 9 , — Flow of Mateiial in Shanks Process (Donnan ). 1 


tanks vary in size, shape, and points#of construction from works 
to works, but usually they are built of heavy sheet iron, and 
are aboufr 25 tq 40 it. lor^, by 7 ft. wide, by 9 ft. deep, wjjh 
a maximum Jalicltt capacity of 80 tons. They are covered, 
and the lids h&ve inlet pflrts for admission of caliche. *The 
tanks arj raised some 10 to 12 ft. from the ground, have false 
bottoms opposed of perforated plate placed about 8 in. from 
the # trTfe bottoni* and ai£ fitted with three or four large doors 
in the bottom, evening qfitwards. • These doors serve for the 
removal of iny)lubl£ lesidue after .boiling. Lafr pressure steam 
circulated through closed irun coils rtyiaing alongj the sides 
* CheimJlge (lAdon), 1919, 1, 635. , • • 
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and ends of the .tanks and provides the netessary he^rffg. 
Thg tank? are interconnected by hand yumpg or siphons a jid 
have ruif off pipes for th&liqnprs. # . 

A iocyxx^ tons-per-year fdant needs approximately fifty * 
such foiling tanks. . 

The lixiviation is carried on by the counter - current 
principle, and usually takes place in batches of eight tanks 
which constitute a cyclic system. 

The diagram in * Fig? 9 shows the flow of material 



r < 10. — Diagram showing Means of Circulation of ^iipicr, False Bottom, Pump, 
and Side Pump* Discharge Hole, and Charging Portholes (Dorman). 


through a nitrate plant. In this drawing, toiling tank 8 
is represented as being emptied of spent material after 
extraction of as much nitrate as possible. Tank 7 contains 
material not quite spent, and it is filled up with (j-esh water 
obtained either from deep wells, or from a river. This almost 
spent material enriches the wash water and provides a weak 
liquor which is pumped to a weak liquor store tank. Tank 6 
contains rather richer material, aiuUit reaeives^a washing with 
weak liquor supplied from the store # tank.# Further enriched 
with* soluble salts, the liquor in tafik <5 is ^uifiped ove'r into 
tank 5, which contains material one step further removed from 
the spent stage. From tanl^ 5 the*liquor is passed forward to 
tank 4, where steam is turned on mid tfye 1 iqu id* brought jfct> boil 
in contact with material stiU riclfer yi uitrttg. The liquor is 
then passed forward to tanks 3»an<f 2 ii^ turn, where boiling 
also Takes ^ilace. Tlje liquor posing # into tank 2 c^mes in 
contact with newly efiarged caliche, jnd* ^pdn becomes as 
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chargodVith soluble salts as is possible a? the tempera- 
ture used, a # boufr I20° % €. /ft this sta^e it contains approximately 
b per cent, of njtrate of soda, a»d it? is run off into clarification 
% tanks. • • • 

The end of the lixiviation process is usually determined by 
noting the density of the liquor. This is, however, only a 
rougfh guide, as the density is effected by the presence of 
varying quantities of substances other than nitrate of soda in 
solution, and by fine particles of day* and other insolubles in 
suspension. 

When the boiling liquor is sufficiently concentrated, it is 
slowly run off from a point just above half way* up the tank. 
The level of the liquor is maintained by feeding fresh liquor 
forward from*tank 3 which is fed from tank 2, and so on. The. 
concentrated liquor (known as “ caldo ”) is kept hoping and is 
run off slowly until its strength falls below that necessary 
for crystallisation. 

The above movement of liquor through the tank cycle is 
continued until the density of the liquor in tank 2 shows that 
the necessary concentration has not been reached. At this 
point, tank 7 which lately had a cold water wash, becomes the 
last tank of t\y cycle and is emptied. Tan|f 1 now is included 
in the liquor series, and so the cycle is continued. The 
complete washing of one batch of material takes from twelve to 
twenty-four hours. Owing to the inadequacy of the density test 
for saturation, it is common to have either incomplete washing 
with exce^j of nitrate lost in the residue, or unnecessary washing 
with additional heat consumption. 

The exhausted material left in *he boiling tanks consists of 
a coarse material (“ripio”) above the false bottom, and a small 
quantity. of fine soffr clay«(“ borra ”) which has collected unper 
the false bottom. • Thi$ exhausted material is first poled out of 
the discharge # doors t?y Workmen standing on the roof ($F the 
tank, and then a gang of workmen get inside the tank and 
• shovel out the remainder. Thp residue is caught in rail 
bogiffs stationed under .the flanks and is conveyed to the waste 
(fbmp. w * • / • 

Normal ^ood-.,wc>rkin§ results in an extraction of 50 to 60 
. per cerft. of the* nitratS content of the caliche, leaving a residue 
containihg 5 to, 8* pqj cent* of nitrate. As already indicated, 




Fig. ii. — T op of Ca iche Hopper ; Cart = :11pm: 
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B>ki retuse neaps m*w contain up to 20 per cent, niitrate, # and 
ihus^t is se&n that tne vast accumulations refine a^ the works 
|fetre potential sources of nitrate <*f soda. • • 

Clarification «vtd Decantation . — The clarification vessels are 
IrctanAlar tanks of sheet iron 12 to*' 18 ft. long by 6 to 10 ft. 
pvide, by 3 to 7 ft. deep, and have sloping bottoms. They 
la re large enough to take the; saturated liquor from a tweitfy- 
Ifour hours' operation. 'I*o facilitate settling, materials which 
^flocculate the suspended •ma^tc/ are added. Amongst those 
employed are flour, animal glue, lime, sodium carbonate, and 
;guano. The clarified liquor is run off to crystallisation tanks. 

Crystallisation , — The crystallisation tanks are of heavy sheet 
iron 12 to 20 feet long by 10 to 15 ft. wide by 3 to 3^ ft. deep. 

I The bottom of the tank slopes to one side to facilitate draining, 
and is provided with two to four plugged outlets. The total 
capacity of the crystallising tanks is usually about twice that 
of the boiling tanks. The liquor is allowed to stand to 
crystallise for six to* twelve days at atmospheric temperature. 

Theoretically the mother-liquor should still contain nitrate 
*of soda to the extent of 400 grams per litre at a temperature 
of u> C, and there should not be any precipitation of sodium 
chloride, but owing; to the great amount o? evape^ration (3 to 4 
pur cent, of the volume), the saturation limit of sodium chloride 
may be reached and the salt deposited. 

The nitrate of soda so obtained is of 95 per cent, purity 
and contains about 2 per cent, of sodium chloride. For the 
chemical industries a refined nitrate is produced of 9<*per cent, 
nitrate content, and not more than 1 per cent, of sodium 
chloride. This refined nitrate is obtained by washing the 95 
per cent, material with a small quantity of fresh water or with a 
solution of pi^re nitrate of soda. On some jrtants.howover, this 
refined nitrate is obtained direct by longer settling’and deposi- 
tion oT sodium chloride tn the clarification*tan£s. • 

After crystallisation is complete, the plugs in the crystallising 
tanks are removed and the mpther-lfquor allowed to cjrain into 
canals which lead via straining palis to, a sump* from whferejt 
is pumped up to the mother-liquor ^nk*, and* introduced a * 
required into th£ lixiviation # cytle ^t tl*e ytank* containing 
liquor of ab^ut the same concentration. ’ * * 

tifjvng — The crystals of nitrate are # {floveUecl to tfte high 
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’ends of the tanks or out on to draining, boards and allowed 
to drain for one pr twb days, Mien thdy are transferred by 
♦ trolleys to the* drying ground^, wltich are either ekrth, wood, 
or concrete floored. * , • 

The moisture content M this stage is about 12 per (tent., but 
in the dry atmosphere it is soon reduced approximately to 2 to 
3 joer cent. Drainage entails a slight loss of nitrate. 

SHIPMENT. — When the nitrate is sufficiently dry it is filled 
into bags holding 2 quintals (20b lb.* approx.) net, and railed 
to the nearest port for shipment. At the port, the nitrate 
is transferred to lighters which carry it to vessels anchored 
off shore. « 

Recent Developments. — Several nitrate companies have 
already taken steps to modify the original Shanks process of 
nitrate extraction, but no new system has y^t proved so 
strikingly successful as to be generally accepted by the 
conservative nitrate producers. 

Butters Process. — The Butters process was introduced in 
f9 1 5 at the Agua Santa property in Tarapaca, and is claitned 
to have proved more economical and efficient than the original 
process. The Butters system, as worked, is only an adjunct 
to the Sharks process, and consists in screening the caliche 
and leaching the fines separately from the lump material. 
The lump material is put through the normal process 
whilst the fines, along with the fines’ residues from the 
Shanks process, are subjected to thorough disintegration in a 
ball mill, in presence of hot weak nitrate liquor. The slurry 
thus produced is heated by steam coils and then filtered in the 
Butters vacuum filter. The Butters filter consists of big double 
leaves of canvas filter cloth stretched over a framework of iron 
tubing,, many units baing connected together by common 
headers. The filter Reaves are immersed in the slurry to be 
filtered. Thfi fitter bakes are given two washes, the firfcil one 
being with a saturated solution of sodimn chloride, and are 
finally*djscharged with arbitrate .content of about 0-25 per cent. 

this combined treatment it is claimed that it has been 
•possible to infrfease th,e e*tfkiency of working a 15 per cent, 
caliche froip 7 fcp jo pel cent., and to lower* the operating cost 
about* 20 per cent. , # t 

Gibbs Process . — puring *1912 to 1914 Messrs Gibb? Jk Co. 
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of Valparaiso forked out an improved process successfully 
adapted to Hie working of efen poor 'slimy; caliches and the^ 
first Gibbs plant was erected forjthe Fortuna Njfcrate Lompa;iy # 
for their officina (Telia, Antofagasta, in 1917. 

The* Gibbs treatment is based largely on ^successful 
mctallufgical practice in the winning of gold from ores by the 
cyanide process, and starts out with the object of first removing 
from the caliche the smalf particles of clayey material which 
are slime formers, and wliich'do so much to prevent intimate 
contact of liquor and soluble material in Hie normal boiling 
process. 

Caliche is crushed to 2 or 3 in., and is then fed into a tube 
mill, togethes with nitrate solution at about $0 J C. Ihe mill 
works without balls or pebbles, and is designed not to crush but 
merely to break down the conglomerate to Its ultimate con- 
stituent particles. 

The pulp is passed continuously from*the mill to a series of 
classifiers, such as are* used in metallurgical practice, where the 
raw material is lixiviated on the counter-current principle 
The liquid and slow settling solids (slime producers) overflow 
at tin closed lower end to suitably placed thickening tanks 
(where clear liquor is separated from thicR liquoj), while the 
quick settling soliSs are conveyed along the bottom by 
mechanically operated rakes, and after emerging above the 
liquid line arc discharged to the next classifier in sequence. 

From the last classifier, the insolubles are discharged v^ith 
not more than 0-25 per cent, nitrate. They consist # of loose 
sand, gravel, and stones, and are easily washed and drained. 

The thick liquor from thickening tank, which is a 
saturated solution of nitrate, chloride, etc., along with the fine 
sands and slimes, is subjected to filtration in an Oliv.er'con- 
tinuous vacuum filter, which has a revolving *lrup*with about 
one-tWrd of its circumference at a <im£ dipping under* the 
liquid to be filtered. .The drum is divided into compartments, 
over which a filter medium is stretchdti, and each compartment 
is connected by two pipes to an automatic valve whieft controls 
the application of vacuum for* fornfin^ and vtoshing the cake,* 
«, . and the admissiomof compressed air for discharge of the cake, 
and foV cleansing the /liter mediujn. Provision is marie for 
washing the cake, and a*scraper ^i*ures fts Complete rtsmoval 
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aftfcr loosening by coinpressed air. Ail agitStor inside the 
filter tank prqpcntgiscttllng and dnsyres a*uni form take. t 
* . In operatic#^, suction is allied* to the sections 0f the drum 

on which the cake is being formed and to* those which are 
being washed. The vacuum is then broken to pertnit free 
discharge of the cake. • 

,• The clear liquor separated^ in the thickening tank is 
circulated by pumps over the material in the classifiers. 
f *4 gives a diagrammatic Yeprdsentation of the scheme. 

I he process is designed to give a filtered liquor containing 
about 450 grams of nitrate, 200 grams of chloride, and 50 to 



1‘ ,c ’. M*— U»ivi.ili*n Plant anil Cyde of Oblations used in Nitrate Le?ching. 
(Gibbs 1’iocess). 1 


60 grams of other solubles per litre, although by working at 
higher temperatures a moie concentrated solution could be 
obtained. 

A 95 per cent, extraction is claimed, and if this is 
substantiated in large scale working, the process should go a 
long way towards solving the economic extraction of nitrate 
from caliche. 

The filtered liquor has to be concentrated, and this is 
done in Kestner double effect evaporators of the salting type. 
EvapoYation is carried oiit in two stages, the first aiming at the 
almost complete separation and recovery of sodium chloride, 
while the second recovers ihc mtrate of soda as crystals. The 
first stage JS carried out in the first effect at I 24 °C. under 
atmospheric pressure. At this temperature practically ‘all the 
♦ 1 Eng, an& Jftn.J., 1st June 1918. t 




Emptying Crystallising Pans ir,t: Car;. 
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chloride is thrown <yit of solution, and provision is made # for 
transferring*the desatted liquor to the nitrate cryjtallj^er, which 
is a vacuu/k effect at 8o° u without calandriaf# H6re, in the^ 
second staga* by cooling and self-evaporation junder vacuum, ' 
the nitrate crystallises immediately and is #v remqved from 
the cooled bottom by a screw, cooled, and dried in hydro- 
extractors. , , 

The mother-liquor from the hydro-extractors is periodically 
tested for calcium and magnesium salts, which are converted 
into sodium salts as necessary before beiqg returned to the 
system. The iodine will be dealt with in the usual way. 

The advantages claimed by the Gibbs process are : — 
i. Cheapness of installation. # • 

4 2. Ability to treat cheaply and effectively low-grade 

caflches with an overall extraction efficiency' of 90 
per cent. • • 

3. Ease of control of process. 

• 4. Direct crystallisation of nitrate, ensuring ability t» 
trace losses and remove their causes at once, 
fh Greater control over the working of the nitrate deposits, 
which, owing to the necessity of hand selection, can 
not be mifled economically by mechanical means. 

The author is indebted to Mr F. W. Bishop lately 
Secretary for the Fortuna Nitrate Company, for the following 
statement: “ Prior to the sale (of the Fortuna Nitrate property 
in 1920), the Gibbs process was giving satisfaction and 
demonstrated that low ley material could be treated by it 
at a satisfactory cost ; moreover, much lower quality material 
could be dealt with than under the old system of working. M 

I^VTENTS. -yOf the numerous patefits ($x> of so) • which 
have been taken out in Chili relating to.the rtitrartS industry, 
about 54 per cent, deal Vith the lixifliation sta^£. Many of 
these propose to accelerate the process by mechanical methods 
such as agitation, etc. Other, proposals are: (1) Preliminary 
classification of raw material ; (2) to dispense with heating } (3}, 
to render the operation continuous; ( 4 ) to operate in closed 
tanks under pressuTe or under pprtfal vacuum ; (5) to lixiviate 
at the nitrate#beds and#transport liquor to works situated at 
the po»ts. 
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About 2*7 per cent, refer to points of p#ctice in evaporatioi 
and cryst*illisfltionf*io per cent, to the economy oflieat, i© pe 
^ cent, to the tNatment of pulverised caliche and recovery o 
f nitrate from residues, and ity per cent, to «the # recovery o 
by-products. •« * t 

Reserves ok Caliche. — According to reports by thi 
Civilian Nitrate Committee, the 4iit|;ate of soda in the grount 
already examined is estimated at *2^5,300,000 tons, and thi 
ground is less than 3 per cent, of the* total nitrate area. 

Water. — At* the present time the water consumptioi 
is from 20 to 50 galls, per quintal (1014 lb.) of nitrate, meaning 
a total annual requirement of 2000 to 3000 million galls. 

The. rivers formed by the melting of the Snows on th< 
Andes provide tjiis water, though there are also available largi 
reserves of underground water in the nitrate legions. Thi 
underground water i,s highly charged with mineral salts, con 
taining up to 1 per cent, of sodium chloride and appreciabl 
quantities of carbonates and sulphates of calcium and magnesium 
This water is therefore unsuitable for use ip steam productioi 
without previous purification. 

Ful l.. — Flic present ( 1 9 1 G) annual consumption of fue 
including that used on railways of the nitrate areas, amount 
to over 3004000, tons of coal and 800,000 tons of oil. # As thi 
has to be imported from Europe and the IJ.S.A., the questio; 
of jts economic consumption is of vital importance. Of the fuc 
used on the nitrate works 20 per cent, is required for powe 
and 80 per cent, for heating. With present methods of heatin 
the efficiency of fuel consumption is only about 35 per cent. 

Power. — With a caliche of 1$ per cent, nitrate content th 
power usage is approx. 1 kw. year per IOOO tons of nitrate, th 
distribution «bein£ as fdflows : — • f 

transportation 70 per cent. f 

C irculation of liquids . . . .15 „ 

Workshops • . 5 „ 

Li S ht • * # . • • «o .. 

» • The tendency now to do away with separate pow< 
plants for each worksfand to obtain power from a few centrs 
power stationsVhich serve* thQ whole nitrate region. 

I^tOBLi^fs yu the I r*DUSTRY.~Before maximum efficienc; 
of production ancUjninimtim cost of nitrate c^n be*attainec 
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many problems* will l^ave to be solved. These include problems 
of surveying, mining, transportation frofu mines ,to work*, 
heating, liSiviation, evaporation^crystallisatior^transport from* 
the works t* the ships, the further utilisation of mechanical 
appliances in many directions, adminictration, e.tc., e^c. 

Dufing 1918 the Chilian Government and the nitrate pro- 
ducers joined forces in an attempt to solve many of these 
important problems, and# towards the close of the year a 
technical institute for nitrate research was established in Chili. 
A scientific society has also been formed by a number of 
Chilian and English companies. 

The various national interests in tl^e Chilian nitrate industry 
- are approximately : — 1 


Chilian . 
British . 
Get man 
Vugo-Slav 
Amei ierm 


36 percent. 
34 

1.8 „ 

10 „ 


• m 

COSTS. — Dctaijpd analytical costs for nitrate production 
have not hitherto been obtainable, but close observation, with 
all available facilities, permits approximations to be made 
in regard to the n^ative cost items. • 

Such approximations are given below : — 


A. If ’orks Operation Costs'. 


1. Labour 

2. Fuel . 

3. Water 

4. Materials 


from 42 to 25 per ( ent. 

» 5 ° » 60 ,) 

» 5 

» 3 .. . 5 

• 100 100 „ 


These figures show the economic importance of Juel consumption and 
labour factors. • f 

B. General Production Costs. 

. fro war June 1913. Percent. 

1. Extraction of caliche from 6d. to I4<1. 27 J. per Span, quintal *-= *22 to 35 

2. Transportation „ 3d. „ ?d. * 10J. „ 10 „ 15 

3. Works operation „ I7d. „ I7d. pi. „ „ - 60 „ * 4 c 

4. General expenses „ 2d. „ ^d. # 3d.^ = g 5 

, Total* „ 28d. to 4o£. 726. • / • 100 to too 

4 r p - — - — - 

1 H.M. Cdnsul at Antpiltgasta, # i92o. # * * 

• • 
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C. Summary of Cost Price of Nitrate ojy Board Ship. 


» % .• 

Ti^-war 

* 1918 . , 

1 # • 

S. I'). 

t S. D. 

1. Interest afid Sinking Fund i 

. 0 9 

c* 0 9 

2. Cost on drying floors . 

.28* 

6 0 

3. Transportation to -dify 

. Oil 

1 * 0 

4. Export duty 

. 2 4 

2 *8 



Per Spanish quintal (101-4 lb.) of nitmtp, which is per ton : — 
£ 7 , 6s. 8d. and /n, 9s. 2d. 9 



1' Id. 16. — Solubility Curves of Sodium Nitrate and Sodium Chloride. 

PklNClI’hKS JU N l)I£kl A’lNO THE SEPARATION OF NITRATE 
OF Soda fHom C.TluIik. — In the Chilian nitrate industry 
material is put into the dissolving tank containing say, 15 per 
cent, of podium nitrate afid 2p per cent, of sodium chloride, and 
^ front the crystallising tanks sodium nitrate crystals of 95 to 
96 per cent, purity, withjonfy 1 t® 2 per cent of sodium chloride, 
are obtained. \ • • • 

Tl^e accompanying approximate curves (Fi^ 16) will be 
found useful in*mteq)fcetin£<hese facts. „ t 
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PRINCIPLES OF SEPARATION 

Solubility Figure* for Sodium Nitrate and Sodium Chloride. 
—It# is seen (i) thftit sodium nitrate is # mucl* mare soluble^ 
in water ftian sodium chlonde f (2) that incro^e in solubility^ 
with rise of temperature is mdch more marked with sodium * 
nitrate than with sodium chloride; ($) that wjien tl*e two salts 
are dissolved together at 1 20° C. the solubility of sodium chloride 
is considerably less than, if.no nitrate were present; and*(4) 
that in cooling a solution saturated with both salts, only 
the nitrate is deposited *since the solubility of the chloride 
increases with decrease of temperature. # 

With a mixture of sodium nitrate and chloride it is, 
therefore, possible to dissolve thq two together at a high 
temperature?, and on cooling to obtain crystals of nitrate 
jvithout any deposition of chloride. # * 

In practy:e the presence of other salts modifies the simple 
relations expressed by these curves, buj the general trend of 
the solubilities is as shown. The crystallised nitrate may be 
contaminated by chloride in three ways, namely : — 

1. By chloricfe in suspension carried over to the crys- 
tallising tanks. 

2 By evaporation in the crystallising*tanks being so great 
that the chloride solubility figure is exceeded and 
chloride separates out. • • 

3. By the adherence of mother-liquor containing chloride 
to the crystals before drying. • 

The chloride may be reduced if desired by washing with 
a solution of nitrate. 

The mother-liquor may circulate through the cycle for a long 
time, evaporation, mechanical and accidental losses of liquor 
beiyg made yp by fresh water as required. * Only occasionally 
has it^to be purged of impurities since, normally* during^ the 
leaching process with rise of temperature, the (fhief impurity 
is deposited to suclf an extent that subsequent cooling does 
not cause its precipitation, and objectionable quantities of other 
soluble impurities take considerable time to accumulate/ . # 

The salts causing most difficulty asVmpuri?ia6 are chlorates, 
perchlorates, and ftiagnesium chloride and sulphate. Not only 
is difficulty* experienced through .deposition thes£ salts, 

but liquors rjch in these salts, especially tthe tetter two, have 
^ „ . 
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* • * • 

their solvent power for sodium nitrate diminished. In extreme 

cases the «presf nce«t>f excess of magnesifim salts may mean 
that mother-liqtar containing Jo per cent, sodium titrate can 
not be used again. * • • 

Bv-TkQj)UCT$. — 1. Potassium Nitrate (see under this, p. 367). 

2. Potassium Perchlorate . — The trade upper limit of toleration 
for* perchlorate in sodium nitrate is 0-8 per cent., and it is 
necessary in working some caliches to eliminate some of this 
salt from the mother-liquors to ensurd a sufficiently free nitrate. 
Although sodium 9 perchlorate is exceedingly soluble, the 
potassium salt is very sparingly soluble and therefore 
perchlorate is eliminated by precipitation as the potassium salt. 
The solubility of potassium perchlorate is only 0-8 gr. per 100 
grs. water at* o’C. 4 and 217 grs. at I00 ( ‘C., whilst in solution*? 
containing large quantities of nitrate the figures ar# even lower. 

3. Iodine ^ — After jhc leaching of a normal caliche has 
continued for several months, the sodium iodate content 
increases to about 9 grams of iodine per litre. At this stage 
it is convenient to extract the iodine by ^precipitation with 
sodium bisulphite solution. After removal of the iodine, the 
mother-liquor is agjun used for nitrate extraction. 

• 

•Other Sources of Nitrate of Soda. « 

Many deposits of nitrate of soda have from time to time 
beert chronicled from various parts of the world, but none have 
proved to be of commercial importance. Careful surveys of 
the Dcatfi Valle)' of California, where nitrate deposits are in 
existence, tend to show that the nitrate is not present in 
workable quantities. 

s • * Carriage. * 1 

* * • 

When nitrate* of socla«in bags is beisg conveyed by rafll, it is 
necessary to use closed vans or to cover, the load with stout 
sheeting.- Otherwise thei^ is considerable danger of fire 
v •« . . • ‘ 

* % * c Gtora^e. 

The bag containing about 200 lb. of rfitrate as shipped 
from Chili a convenient,. unit to handle and store, but it is 
certainly safe*r to err^y tlte titrate from the bags, immediately 
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on receipt and stor$in buljf. Whether stored itl bags or in 
bulk* nitrat'e should' be housed in a *fireptoof building, and a 
sump should be provided on tho floor to colleor seepage, which 
is always prtseift. A disadvantage of bulk storage is that the * 
nitrate^sets very hard in time and has to be dpg out*with picks. 

FJre* Danger. 

Special attention mu§t be directed to the desirability of 
keeping nitrate of soda as clear as possible from substances 
capable of taking fire. At one nitrate* store which came 
under the author’s notice, the nitrate bags were stacked on a 
layer of sa\ydust about one inch de£p, presumably to absorb 
the seepage. This it certainly did. It also led to „air outbreak 
bf fire, caused, it was suggested, by a spark from a horse’s 
shoe on thc f cobble-stone floor. 

Nitrate of soda bags arc impregnated with* nitrate, and 
thus become practically incipient gunpowder. The merest 
spark is sufficient to set them on fire, and once alight the 
fire spreads rapiffiy, burns very fiercely, and is difficult to 
extinguish. This applies to full and empty bags alike, and 
great care should be exercised to protect them from fire. 
The safest plan with empty bags is to wash them thoroughly. 

• < $ 

Treatment of Bags. 

Nitrate of soda bags emptied in a normal manner contain 
up to 2 lb. of nitrate. # 

Shaking and Brushing. — ]\y turning emptied bags inside 
out and shaking , much loosely adhering nitrate can be recovered 
(up to J lb. per bag). A further J lb. of nitrate can be removed 
by J)ru siring . # For convenience in hand bi«ushir\g, easels with 
board^ provided with hooks on which empty ,tfags can be 
fastened, are found Citable. Fof la\gc *qifentities, ’bag- 
brushing machines are useful and deal with nitrate bags rapidly 
and effectively. The brushing is conveniently carri^cf out in 
the nitre storehouse. # * • * 

Unwashed bags stored in* bulk* especially* ip the open, are 
liable to destruction by spontaneous combustiop. It*is advisable, 
therefore, npt to store emptied hags any considerable time 
until # tbey have been washed fre& 6f nifijite* • 
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# *• 

Washing— The extraction of /litrate from emptied bags Is 

a very simple operation and is # -certafnly a rational and 
economical prAjeeding. On if small scale, water •heated by 
* waste steam may be used for dissolving the nittrat£ The bags 
from the dissolving tank are rinsed in one or two* waters, 
wrung by mangle or centrifugal and dried normally* in the 
air! or by waste heat. 1 he nitraie ]iquor is concentrated and 
the nitrate crystallised and drained* 

In dealing with large quantities* of bags, a special plant 
may be provided for washing. Such a plant should comprise 
boiling tanks, rinsing tanks, centrifugals, driers, a film 
evaporator, crystallising .tanks, nitrate draining racks, and 
necessary accessories. Plants such as here outlined have 
handled hun?Jreds # of thousands of nitrate bags during the wajj, 
with a recovery of i lb. to 2 lb. of nitrate per bag, and providing 
dean bags cpntainingjess than i oz. of nitrate per bag. 


• Drying. 

*> 

Chilian nitrate has an average water content of 2 to 2 \ per 
cent. In the manufacture of nitric acid from this nitrate, 
particularly if highly concentrated acid is, required, it may be 
considered dgsir^blc to reduce the moisture content, before 
acting on it with sulphuric acid (see p. 154). 

[t is common practice in small works to utilise the heat of 
the cover plates over the nitric acid retorts for drying purposes. 
A charge* of nitrate is spread on the top plate during working, 
and some degree of drying is thus effected. This practice is 
not to be recommended as the tops of retorts should, if possible, 
be kept quite clear for effective working conditions. If other 
and more suitable* sources of waste heat are available partial 
drying of the^iitftite may be effected on hot iron plates. 

Drying machines are *often installeS where large quantities 
af nitrate have to be dealt with, and the*drying of nitrate in 
these machines may be flornj economically. Nearly any form 
rotary drier is suitable, but the Cummer drier, which has been 
nuch used, may oe takefl as typfcal. It consists essentially of 
1 sloping * evolving ^ trommel parrying nitfate and built in 
.he fluj of ^ fire. ^ A current of heated air k drawn by 
‘ fan placed iirtheiy exVflue, first round about and* then 
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through the tromrqel. Motet nitre is fed through crushing 
rolls* to the well o? a bucket elevafor w^jich xleliv # ers to the 
high end Sf the trommel. * As the nitrate pastes slowly down y 
the trommd it •meets the heated air passing from the fire to* 
the fan* and by the time the nitrate te delivered at J:he bottom 
end to a second bucket elevator, lifting to a store bin, its 
moisture content may be reduced to less than 05 per cent. ‘ 
Two important factors determining efficiency of drying are the 
size of nitrate crystal fed to the trommel and the volume of 
heating air used. J 

Dried nitrate is much nicer to handle than moist nitrate. 


Analysis. 

A reasonably complete analysis of commercial nitrate of 
soda is obtained by determining the following constituents, 
moisture, insoluble matter, nitrate, potassium, chlorides, per- 
chlorates, sulphates, -and iodates. A scheme for carrying out 
such an analysis ]s given below. 

For routine work this scheme can often be cut down to 
determining moisture, nitrates, and chlorides. 

Moisture. — Abqut 5 grams are accuratefy weighed in a small 
silica crucible and heated gently over a Bunsen flame until the 
nitrate just fuses. The crucible is then cooled in a desiccator 
and reweighed, and the percentage of moisture in the sample 
calculated from the loss in weight. 

Insoluble Matter. — Ten grams are dissolved in distilled water, 
and the whole washed through a filter paper which has pre- 
viously been dried for on<*. hour at 105° C\, and weighed in 
a stoppered weighing-bottle. After several washings with 
distilled wat^r the filter paper and tfte inaoluble resjdiie are 
dried ^in an air-oven for one hour at 105 \C. » 1 

The result is expressed as percentage of Insoluble matter 
in the sample as received. 

Nitrates. — For the deternjinatiod* of nitrates a poftion of 
the sample is partially dried, as 1 it is difficult to* obtain # a 
representative sample from the pdwd^recl w£t t material. For* 1 
this purpose aboufrioo grams are partially drjed by ^eating j n an 
air-oven for.two hours, at 105* C. r The' nitre is then quickly 
powdeqed in # a mortar and transferred t6 a 4 stoppered* bottle, 
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which is kept in a desiccator ; the actual percentage of moisture 
in this n^terjal i^*detetmined as described abotfe, ancj| the 
^results are finally calculated ba^k on*the sample as received. 

* About 04 gram of the dried sample, accur^elyrweighed in 
a small weighing-bottle, .is emptied into the dry cifp of a 
nitrometer and washed in with 15 c.c. of distilled # water. 
’ Fourteen c.c. of 94- 5 per cent. H 2 S # 0 4 are then measured out in a 
graduated cylinder ; 8 c.c. of this acid are used in four successive 
portions of 2 c.c. each for washing* down the cup, and the 
remaining 6 c.c. are then added and the cup well drained into 
the nitrometer. Decomposition is effected by shaking for two 
minutes under suction, after which the tube is set up and 
approximately levelled and allowed to cool. After *half an hour 
(or more/th® tube is accurately levelled by raising or lowering 
until, on cautiously opening the tap, the contained drop of 
sulphuric acid shows no movement. This condition is best 
approached from the suction side. The volume is then read, 
and the temperature of a thermometer* suspended in close 
^proximity to the nitrometer observed to the nearest tenth 
of a degree. The barometer is then adjusted and read, the 
temperature as recorded by the attached thermometer being 
observed befpre touching the instrument. 

The volume of gas in the nitrometer is then re-read, first 
trying the tap to see whether the gas is still in equilibrium, and 
making any adjustments which may be found necessary. 

Thermometer and barometer readings are corrected accord- 
ing to standard certificates, and special barometric corrections 
for latitude, capillarity, and temperature of mercury and scale 
applied. , 

After correcting the volume of nitric oxide to N.T.P, the 
percentage of sodium nitrate in the dried samplers calculated, 
and a 14 solubility " correction applied to correct for the solu- 
bility of nitric okide'Jn sulphuric acid. ♦ * 

Under the conditions of the test, this amounts to 0-4 per 
cent. of f ’ the percentage ^ of sodium nitrate found, i.e. t if the 
sjimpje s flows ‘96-4 per cent.' NaN 0 3 , the solubility correction 
will amount tp *0-4 .peg ednt. of 964 or 0 38, and the result 
returned wyi be^-S per cent. « 

Pdlassium.— Ten’ grains are evaporated to (Jryness with 
HC 1 several \iines, in orddr, completely to convert the ^ts to 
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chlorides. The mass is theij dissolved in distilled water, and 
the potassium determined. by the following # pietta)d. , 

Hydrochloric acid gas fs conducted into tfy/ solution which ' 
has been concentrated as much'as possible, until it has become * 
saturat8d with the gas (the lower end of the delivery tube 
should*be enlarged, and should just touch the liquid). To 
every IOO c.c. of the solutiop 2 c.c. of water, are now added, 
the precipitated sodium oiiloride is allowed to settle, and the 
solution poured through *a funnel provided with a platinum 
filter-cone. The precipitated salt is washed three times by 
decantation with 95 per cent, alcohol, transferred to the funnel, 
dried by suction, and then washed t three times more with 
alcohol. 

In the solution there remains all the potarssium, some 
sodium, am^possibly calcium, magnesium, and sulphuric acid. 

The solution is evaporated to dryness on the water-bath, if 
possible (or if sulphuric acid is present, the last traces of the 
free acid are removed by means of the free flame), the residue 
is weighed, for qyery decigram of the salt mixture 3 c.c. of 
twice normal hydrochloric acid are added, with more than 
enough chloroplatinic acid to precipitate all the potassium, 
and the liquid is e^iporated to a paste. It is they treated with 
20 c.c of absolute alcohol, and well stirred. After standing 
five minutes, 5 c.c. of ether are added, the mixture is allowed 
to stand half an hour under a bell-jar and then filtered. As the 
residue often contains small amounts of other chloroplatinates, 
it should be purified as follows: — The precipitate js allowed 
to dry in the air, it is dissolved in a little hot water, a few drops 
of chloroplatinic acid are added, and the above operation is 
repeated. The precipitate thus obtained contains all of the 
pojassium ir^ the presence of some sodium chloride, and, pdssibly 
sodimn sulphate. It is washed with a mixture of ether and 
alcohol until the liquM runs through 'the filter completely 
colourless, after which the precipitate is dried, moistened with 
hot water, and digested on the water-bath with a few drops of 
chemically pure mercury, constantly stirring with a gla^s rpd 
until the liquid appears perfectly colourless. 

By means of this treatment the potassium chlorpplatinate is 
completely Recomposed with separation of platinum : — * 

• . K 2 PtCl 6 + 4 IIg = 2KGT+ 2jIgXW Tt. 
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The mixture is thoroughly dried on .the water-bath and 
gently ignjted until,thc rrfercury is alj volatilised ; tfte platinum 
' is changed at l^e same time to a clenser form, vvh/bh can be 

* readily washed by decantatiofl. After cooling, trtie mass is 
treated with water, and the residual metal is washed \fith hot 
water, dried, and cautiously ignited. The filter is ignited in 

* a platinum spiral, its ash is add<;d to the main portion of the 
platinum in the crucible which is now ignited, and weighed. 
The weight obtained multiplied by 0*7612 gives the amount of 
potassium chloride^ or, multiplied by 0 3994, gives the corre- 
sponding amount of potassium. 

The digestion of t^c potassium chloroplatinate with 
mercury is carried out in a silica basin. 

Note. — A*much simpler and more rapid method is adopted 
in the laboratories of Messrs brunner, Mond, Co., where 
potassium ^precipitated as potassium cobalti-nitrite in special 
tubes, which are then centrifuged and the precipitates com- 
pared with standard samples. 

Chlorides.— Ten grams are dissolved in ([(stilled water, and 
the solution titrated with decinormal silver nitrate solution, 
using potassium chromate as indicator. The chloride is 
calculated as* percentage of sodium chloride (NaCl) on the 
sample as received. 

Perchlorates. — A mixture of 10 grams of the sample with 
2 grams of cupric oxide is fused in a nickel crucible for twenty 
minutes. When cold, the fused mass is treated with distilled 
water, and the aqueous extract is titrated with decinormal 
silver nitrate solution, using potassium chromate as indicator. 
The perchlorate equivalent of the chloride corresponding to 
the difference between the value obtained by this test and 
that obtained, in file foregoing test is calculated, and after 
correcting fbr aify iodate which may be present, the result is 
expressed as percentage oT potassium perchlorate in the sample 
as received. 

Sulphates. — Ten granfs a^e hoiled with distilled water and 
the solution filtered. The Titrate is again raised to boiling- 
point, and any rufphate ]/resent precipitated by the addition of 
10 c.c. of warm \iq per cent, barium chlorifle solution.^ The 
whole Us kept Warm on a sand-bath fo* one hour»in order to 
granulate the precipitate. *The liquid is then filtered, and the 
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Precipitate washed free from chlorides, and finally ignited in 
jt siliga crucible. « ' ' • , 

* After complete incincrStion^jf the filter pa/er, one drop of 
|tl 2 S0 4 and tone* drop of HNO.f are added to* the precipitate 
^efore the final ignition. The result is calculated on percentage 
pf sodiflm sulphate on the sample as received. * 

Iodates. — A mixture of # io grams of thp sample with 2 
grams of cupric oxide are^fuscd in a nickel crucible for twenty 
jminutes. When cold, thfcJused mass is extracted with distilled 
Water, and the solution acidified with acetic acid. It is then 
transferred to a separating funnel, and a few cubic centimetres 
of copper sulphate solution added and thoroughly mixed with 
the solution.. Twenty c.c. of chloroform are then added, and 
the whole well shaken. The chloroform layer is washed with 
distilled wajer, and finally titrated with dehinormal sodium 
thiosulphate solution until the pink colour is discharged ; 
usually only a trace of iodate is present, so that no more 
than one or two drops of the thiosulphate solution arc 
required. The chloroform layer contains only half the iodinfi - * 
content of the iodate present in the sample. 

It there is an appreciable quantity of iodate present, the 
requisite deduction is made from the value gbtained for 
perchlorates. 

Note . — The Refraction Method. — It was formerly very 
common in the nitrate of soda trade to estimate the value of the 
nitrate by the “ refraction ” method. In this method, io grains 
are well dried in a porcelain crucible, weighed again, dissolved, 
the residue (if any) is estimated, the liquid diluted to a certain 
volume, and in separate portipns of the liquid the chloride and 
sulphate are estimated in the usual way. The sum total of 
moisture, insoluble matter, sodium * chloride, and podium 
sulphate is called the “ refraction,” and i[ is a^supied that the 
remainder is real sodiunf nitrate. This nlky, Ifovoever, leacT to 
very erroneous results, where, for instance, the nitrate contains 
some potassium nitrate. The presence of perchlorate also 
causes errors, and it is clear that the “refraction*” metfiod*cag 
not give a true figure for thejiitrate qpntent.* # This must be v 
obtained by direct determination. „ • t 

Nitrate Dfterminatlpn by De varda’s Method* — Weigto out 
io grapi$ of the sample and dissolve ih 300 t.c. of.w&rm water in 
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'a calibrated 5bo c.c. flask. Cool and make # up to # 500 c.c. Take 
25 c.c. of the vvelUnixell solutio # n ( = <>5* gram nftre) foj the 
determination, Wnd introduce ifc intcf a Kjeldahl flas|f of 500 to 
650 c.c. capacity. Add 300 c.c* of water, 3 grains *f Devarda’s 
alloy (passing a 20-mc^h sieve), 50 c.c. of caustic* potash 
solution (S.G. 1*3), and connect at once with the distilling 
apparatus, such 51s is used for Kjeldahl estimations, and distil 
the ammonia into semi-normal sulphuric acid solution. Butt 1 
specially recommends the use of the Davisson scrubber bulb 2 
for this distillation. Before the distillation apparatus is required 
for use, 20 to 30 c.c. of water are drawn into the scrubber bulb. 
The reduction and distillation are carried oi* together, the 
solution in the reaction llask being boiled at such a rate that 
175 to 2bo c.c. of distillate are collected in an hour, by which 
time the whole of the ammonia will be distilled over. With the 
distillation half completed, the heating should be discontinued 
for a short time to allow a portion of the condensate in the 
sr rubber bulb to flow back into the distilling flask. The 

N ... 1 

«.nmonia collected in the ^ sulphuric acid solution is estimated 

in the normal way, using methyl red as indicator. 

The following fwo analyses of commercial nitrate of soda 
are given by Butt — 
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Statistics. 

Historical. — The folfowing brief stirvey of the early history 
of Chilian nitrate is from W. Montgomery & Co/s half-yearly 
report the close of iqifc. 4 # . 

T^ur carlie*st # trade information regarding nitrate of soda is 

• \ J. lnd. ling. Chem. y 1920, 12 , 352-354. 

Eng. Chew.) 1919, 11 , 465-466. 

* 3 J. lnd . Eng* Chem ., 1920, 12 , 354. 

/ Sfit ChSn % lnd., 1901, 20, 84. 
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Jerived from a circular issucd f by Mr Alfred Bourne, in January 
t84i^in which Mr Bourne reviews the*businpss of the previous 
-en years, *and tells us ttfat inports into lyfgland in 1831 
imounted t<* 10a tons, the price it that date being 28s. per cwt. ; 
ihat th% imports gradually increased during the decade, 
caching 7200 tons in 1840, with a price of 20s. 6d. per cwt. ; 
hat the increase was chiefly (or agricultural purposes, and also 
hat there were symptoms of demand from Scotland and for 
iranshipment to France. * ♦ 

: For the twenty years ending with # i86o, progress in 
onsumption was very slow, reaching to 50,000 tons, nearly 
She whole of which was used in the British Isles. During the 
lext decade these figures had little more than doubled, the 
juantity being about equally distributed between* the United 
Kingdom an$l the Continent. 

From 1870 to 1875, with remunerative prices for cereals in 
England, the consumption rapidly rose, until in the latter year 
It reached 165,000 tons in the United Kingdom and 132,000 tons 
t>n the Continent. f For the next twenty-two years, until 1897,* 
-there was an almost unbroken record of greatly reduced 
deliveries. It was in the year 1879 that the relative positions 
of the United Kingdom and Continent b'egan ^0 change as 
regards consumption, and the latter speedily and irretrievably 
left the former far behind. 

Nitrate of soda has, from time to time, suffered serious 
mishaps. In 1868 a terrible earthquake and tidal w # ave 
overtook and destroyed Iquique, causing great havqc to the 
nitrate industry, and producing in Europe violent changes in 
price. In 1877 Peru was again visited with a similar calamity, 
although not so disastrous. This was followed in 1879 by the 
outlyeak of ^ar between Chili and Veru, which lasted *over 
twelve^monlhs, and its effect upon the nitrate slji{fments was 
very serious. In the end the whole ofnhe'rich^iferate districts 
which belonged to Peru passed into the possession of Chili. 
For a few years preceding this jvar Peflu had been expropriating 
the nitrate fields. When Chili totfk possession*, she*adqpte^} 
the policy of permitting the psivate* owners to*wprk their own 
deposits, the Govefnment merely imposing w an’ expert duty ol 
about £ 2 , 12^ 6d. per ton, and this system ‘has continued ^iown 
to the^resent date. 
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One consequence of the curtailed shipments, caused by the 
war between Chili arid Peru, was to raise the price in feuropafrom 
13s. per cwt. ta^9s. 6d. per c\#t., and the following/season the 
European farmer used 30 per c*cnt. less than the previous year 
With a recurrence tcf more moderate prices and # a great 
stimulus in agriculture on the Continent, especially* in the 
cuftivation of beetroot, a vast increase in the consumption of 
nitrate was noticeable in the decade fending with the year 1890. 
The figures during that period for the Continent grew from 

1 1 3.000 tons to 66^000 tons. In the United Kingdom during 
ihe same time, owing to agricultural depression, caused chiefly 
by the disastrously low price of cereals and thfc consequently 
reduced ^acreage under cultivation, especially of wheat, the 
consumption fluctuated between about ;u,ooo tons in 1880 tp 

1 20.000 in 1890. From 1890 until to-day, the record of 
consumption throughput the world is one of almost unbroken 
advance, slow perhaps, but of such uniform steadiness that 

t there is every reason to believe that it is ftf a staying character. 
Ihe following figures will show at a glance* the total progress 
made during the periods to which we have referred:— 
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dost.— The pA>wart cost of production at a .medium-pized 

modern nifntfe Jiictory, including all factory expenses itijChili 

sucli as labcAir, fuef, repairs, bagging* freight to port, shipping 
charges and commission, amortisation* of the cost of the 
nitrate grounds and plint, interest on capital at 5 per cent., 
t and. Chilian* export duty at 2s 4 d. per Spanish quintal 
(101-4 lb.), amounted to 7s. 4 d, per quintal of nitrate f.o.b. in 
Chili, or £$, is.>i per ton (95 per cent, purity). The expenses 
incurred in marketing the product in Europe, including sea 
freight at 5*s. ^r toiv loss in weight during the. voyage, 
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landing charges and. port d*ies, increased the cost to £io, 4s. 
per Ion free on shore in England. •. . 

The aierage cost f.o.b. ChilPin 1920 was 1,2s. per quintal, or 
£ 13 , 4s. 108. p<* ton. * 

s Production, Exports, and Market? Pricdfe. 
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World’s Pro war Consumption of Chili Nitrate. 
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From “Final Report, Nitrogen Products Committee,” H.IV^ Stationary 
Office, 19*9. S 



36 


iTaw materials for retort process 

ft is estimated that the world’^ consumption for agriculture 
is 75 per cent, uf th<;»totaf. * 
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CHAPTER. 1 1 

TIIK MANUl- ACTIJRK OF NITRIC ACIl) FROM CHIU 
SALTPETRE AND SULNIUKIC ACID 

Tiik Reaction Involved. 

The production of nitric acid by distilling sodium nitrate with 
sulphuric acid is aji essentially simple problem, and the reaction 
involved may be represented by the following equation — 

(A) aNsiNO* l H,SO r - Na.SO, + 2 UNO, 

2 x 85 F 98 142 4- 2 x 63 

The volatile nitric acid is displaced from the system and may 
readily be condensed, while sodium sulphate remains in the 
reaction vessel. • 

In practice it is not advisable to work vfrth the materials in 
the proportions indicated above, because 

1 . The temperature required to complete the reaction is 
vor/ high (approx. 900 and to work at such a high tempera- 
ture would involve the following serious disadvantages : — 

(<i) Heavy wear and tear on the apparatus used. 

(/>) High fuel consumption. > 

(/) Loss of product due to decomposition of nitric acid, 

•lilNO/- 2H,0 + 4N0 3 + 0., 
t 2 llljf> ; , t Il'()+ NQ’ + NOj + O*. 

((f) High nitrous acid content in the nitric acid produced, 
** due to the abo( r e cjecomposition and to the reaction 
represented by the following equation — 

.u.p+iW ~ fiNo 3 +imq... 

Production of weak nitric acid owing to decomposi- 
tion 
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2. The jesulting.sodium sulphate (Mp. 86o°) would rea'dily 
set hard at the completion. of the reaction aftd wpuld be difficult 
to remove from its containing vessel. # 

By sacrificing a portion of*the sulphuric acid represented * 
in equation (A) and working more* nearly # tjo tli£ following 
equation— 

(B) NaNOj+lI^SO, NaIIS(),+ UNO., 

85 4-^8 - 120 + (\\ 

the temperature for completion of the reaction need not exceed 
200 0 C, and the residue remains sufficienfly fluid to permit 
its being run jreely from the reaction vessel. 

The reaction represented by equation (A) involves the use 
of NaNO ;l and IRSO, in the ratio 85 -.49, whilc # the ratio for 
Equation (B^ is 85 : 98. • 

In modern practice the charges of nitrate of soda and 
sulphuric acid are so adjusted that the proportions of NaNO ; , 
and IL,SO t are approximately 85 : 80. The residue, therefore, 
is 'a mixture of sodium hydrogen sulphate and sodium sulphate/* 
It is known as "Nitre Cake.” 

* Plant Rk^ijirkd. 

Nitric acid production is a distillation proccss^and the plant 
necessary consists of a distilling vessel (retort), condensing 
system, and receiving vessel. 

Historical. 

The following account of the early manufacture of nitric 
acid is reproduced from a paper by Oscar Guttmann. 1 

Nitric Acid. — Nitric acid seems # to haye been known in 
the earliest tames. It is said that the black .drawings on the 
clothe! of mummies weie made with silver nitfatf, but the first 
description of the production of nitric acid (aqua dissolutiva, 
aqua fortis) is given by Geber in 778, >who made it by ‘distilling 
nitre with copper sulphate anJ alifm. Raymond. Lullhfs, iq the 
thirteenth century, made it fr # om ratre and i« 3 n sulphate, and' 
Glauber, in 1648,. taught us to make it from nitre and oil of 
vitriol.* In 1759 it was still made, according'tq Neumann, by 

J . Soc . Chem . lnd. y 19c*, 20, 5|8j. 
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charging a tubulated retort placed on.«and witji powdered 
nitre, luting on a llrge receiver, anjl pouring in oil of vitriol in 
small quantities*through the tifbulure. * 

Mr Sheffield’s 1 manuscript of 1771 gives mAny detads about 
the manufacture* on a latge scale. The general arrangement 
is shown in Fig. 17; but instead of reproducing each part of 
the apparatus singly, as drawn »by 9 him, I have preferred to 
put them together, so that the function of each can be seen 
at a glance. 

The retort was* an iron pot a (Fig. 17), holding 37 J galls. 



1 * If*. 17* — Ancient Reloit and Condensers. 


and weighing 26 cwt. It could take a charge of 200 lb. of 
nitre and 104 lb. of oil of vitriol; thus neutral sulphate was 
aimed at, which was called “sal cnixum.” The pot was closed 
by a pothcad b , with two arms “ made at Vauxhall ” from 
earthenware. Each of these arms was connected to a condensing 
plant. This consisted of a kind of crosspiece called the pipe 
receiver, which was surmounted by a “ balloon ” or large globe 
receiver* holding flo gaits. The lower part was luted to a 
“ perpendicular jVcciuer ” e, and the arms to “large common 
receivers ” f% holding galls, each. The latter rested on 
“bosses” t c, made of twine. The luting* was made of equal 
parts o( 'dean sand andf “ l\ufcap” a kind of clay, with one- 
t quarter part of “sal cnixum” and some water. 

The distillation ‘lasted 'four ‘days. Towards the end the 
fire was raiced “ intensely high.” The consumption of coal was 

1 Wi E. Sl^fficld, a ( chemist who lived in‘ Birmingham from 1771 to 
1790 (the dates occurring in the manuscript). 
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5 cwt., an<J the production# 200 lb. of “gilders’ aqua fortis” 
(1.3^ sp.^r. ; sec laiter on), which works 6ut <4 about 9 61 per 
cent of thfrtheoretical yield. • # 

The cos? of production work?; out as follows : — 

• # .£ «. 

• 200 lb. of nitre at 70s. per cwt. . .650 

104 lb. of O.V. at 3}d. per lb. . . 1 15 1 

5 cwt. of coal at 5d.^per*cwt. .021 

For 200 ft>. of gilders’ acid . S 2 2 

Cost without labour, per lb., approximately, 9^1. 

It will be noticed that the distillation of a 200 lb. charge 
lasted four days, which is explained by the fact that the 
condensing plant had no vent for the uncondensed gases, and 
had therefore to be worked very slowly. 

There vflere many kinds of aqua fortis sold, which are 
enumerated in the following table 



* ~ 

Spec Orav 

I’rlf-o 

• 

« 

Wolfit.. 

[x-r lb 

r* * * 

m. «ir 


H. I>. 

Pure cpi lit of nitre 

23 12 


3 6 

Gilder:/ aqua foitis 

22 O 

1-375 , 

I 8 

Brass-founders’ aqua forfts. . 

2 \ 0 

1-500 

1 8 

Syers’ ^s.iyers’) aqua fortis \ 

Refiner*’ aqua fortis . . 1 

20 O 

1 .,150 • 

1 3 

Best platina 

15 

1-559 

1 1 

0 10 

Single aqua fortis, or weak platina 

23 O 

1-437 

Twelve-penny aqua fortis 

24 6 

1-523 

1 <5 

• 


Some explanation for this table is, of course, necessary, 
and given. The various receivers had generally some water 
put in before starting, but if no water was put into the 
perpendicular receiver, then “ pure spinit of rrftre” was obtained. 
If, on g the other hand, 10 lb. of water were ^ut ihto it, then 
gilders’ acid resulted ; ahd if this wa£ not*up to standard, pure 
spirit of nitre was added, whilst if too strong weak aqua fortis 
or water was used for dilution^ Childers’ acid is ^tjjih most 
useful, because most other sorts are made from it by .mei£ 

mixing. • *• • 

For making seers’ and refiners’ aqua fortis, 30 Jb. of water 
are put into^ach of the other receivers, and the various acids 
mixed together. 
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Brass-founders* aqua fortis is t made by mixing 60 parts of 
gilders* aqua fortis wirh io parts of'pil of vitriol. r The 
manuscript naively adds: “Sells for # 20 pence, the Sctfne price of 
gilders’, tho’ lowered with one-sixth of oil of vjtriot ; this justly 
esteemed a very jxirticulaj* secret in this branch of busiricss.” 

Platina* aqua fortis is made from 16 parts of gildefrs* acid 
1 and 40 lb. of oil 0/ vitriol lowered to 25 oz. “ It is used for best 
dip for platina.” 

Single aqua fortis, or weak platina, is made from 16 lb. of 
gilders’ acid brought down to 21! oz., and 40 lb. of oil of 
vitriol lowered to 24I oz. “ Used for the first dipping of 
platina* work.” 

Twelve-penny aqua fortis is the same as the weak platina 
only the gilders’ acid is of the proper strength. It is also used 
for finishing platiha. 

The manuscript also contains an account of the manufacture 
of nitric acid in glass retorts, 9 in. diameter, 12 in. high, 
and called quart retorts, which were made by Stocks, near 
* Black friars Bridge, and could be charged with 14 lb. ‘of 
nitre. The coal consumption was excessively high — about 
1 1 lb. per pound of gilders’ acid ; yet there was a profit of 
about 25 per cent. 4 

Improvements in plant for the manulacturc of nitric acid 
were made in*recfcnt years only. Plain pots can still be found 
in some factories, and the condensing plant is also frequently of 
a very primitive nature 


Ri-.Tokts. 

Types*. 

Nitric acid was formerly made both in iron and gjjass 
retorts, but*n(jwa<lays past- iron retorts arc universally employed. 
Eafly large #ca*lc cftst*ift>n retorts wt;re cylinders, and were 
supported horizontally in the Hue of a fire. The ends of the 
cylinddV^'wcre closed b/ thick .cast-iron or sandstone discs, 
lyted.in and held by iron bars pressing against them on the 
‘outside. Somyffrncs oijp £nd of the cylinder remained per- 
manently (Josed'^tyit the other end had to 4 )e removed either 
entir^, or if* so ar?angcd, in part for charging; nitra’te and 
discharging niWe cate More often both ends were removable. 
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An outlet pjpe for tfie nitrif acid vapours was provided 'at 
the top near to the closed p^nd of the c'ylincfcgr, ayd an opening 



in the removable end or in the topbf the cylinder allowed <h^ 
introduction of sulphuric acid. . *• 

Originally with* cast-iron cylinders the fatio of, sulphuric 
acid to nitrate approximated more to equation (A) p. 3^ and 
at the completion of a distillation it was fi{stomary to have to 


Fig. iS. — H orizontal Retort — Longitudinal Section. 
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dig out the nitre cake. Later, more fluid nitr§ cakes were 
made by using mtfre acid, and provision was made, by paving 
a hole capable # of being plumed # in the charging end of the 
retort, for running out the nitre cake. * 

Finally, the practice with these retorts was essentially that 
now common with modern retorts, but very few cylinder retorts 
are now in use,* practically all having been superseded by the 
pot type which requires much less manual labour, although in 
the Uebel process a reversion to cylinders has taken place. 

An intercsting t nitric acid retort was developed in the early 
stages of the recent war by Mr W. C. Wakefield at his works 
at Savile Town, Dewsbury. Finding it difficult to obtain normal 
nitric acid plant and having on hand a number of saltcake pots, 
he built these into retorts by providing brick domes. Th^y 
worked admirably, but naturally the brick domes <vere not long 
lived. , 

The pot type of retort has developed from a cylindrical 
vessel set vertically in the Hue instead* of horizontally. Jhe 
following description of an early pot type of retort is from 
Vol. I, of the 4th Edition of Lunge’s work. 

The former kind, as employed in France for very strong 
nitric acid, is shown in Fig. 19. It consists of cast-iron pots ol 
from 4 to 5 ft. diameter and equal height, and a metal thickness 
of 1 3 to 2 in. (rather thicker at the bottom). There is a wide 
neck <1 at the top, closed by a lid, fastened on with a suitable 
cement, eg. a mixture of clay and gypsum. There is a tube b 
for carrying away the gas, either coming out perpendicularly at 
the top, as shown here, or bending away horizontally, as in a 
laboratory retort ; this tube should be lined with an earthen- 
ware tube as far as it is at all liable to cool down below the 
poinf where the*mctai can be acted upon nitric ,acid 
Another tifbc; c serves for introducing the sulphuric acid ; this 
is preferable to runtflng ft in through fhe neck a, after charging 
the nitre. Sometimes there is no pipe ‘provided for running 
out th&Jiquiri residue, but it js better to have one, as shown at 
4 % and to protect this tube ‘against the direct action of the fire 
by a fireproof coVering./ Where»this is not provided, the liquid 
residue must b'p Jadled out through a af the close^ of the 
operation, which is a* disagreeable prooeeding. lihe pot is set 
in a furnace *so* that; Jt # is altogether surrounded by the fire, even 
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at the top, to whi,ch access is afforded for charging by lifting off 
a fire-c^ay slab, or a m^tal plate filled with as^es, js shown at c. 
By this meal^s a saving of fuel is affected, and the equal heating 
of the retort ?aus<is it to stand the* action of the nitric acid very 
well. A V>t 5 ft. wide and 5 ft. high takes a charge of 9 cwt. 
of nitre, tmd requires from sixteen to eighteen hours to work 
this off, including the time for charging and emptying. Of thfe 



time, one hour may be reckoned for charging and making the 
joint^ six hours for the first stage, wh^re red fumes appear, 
about a| much for the second stage, wh^re the yapours are 
almost colourless, and foftr or five hoftrs fcr tbe« last stage, 
where the temperature has to be raised much higher, the 
yellow and red vapours appear, again %nd more water ctomes 
over with the acid. * 

Fig. 20 shows another pot 0/ this* peyiod. wit'R.a wheel flue. 
Provision is made for by-passing some of th^ flue gases under 
the condensing jars. * ’ 

Figs. .21-23 \ serve to show varied forpfs of ^tfe pot type 
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of retort in common use, the most recent design being the 
, Waltham retyrt, «Fig. 23. Points of support are provided in 
the form of ligjs which are Jrast on the outside^of the retort 
body. 

The Retott. — This retort is seen to be in three 

sections, the lower section having an outlet pipe* for the 



1 'iC. 21. — The Guttmann Retort. 


discharg<fo£ nitre c^ke and the upper section having charging 
«Ad vupourxlclivcty njJl'iiings. The*two upper sections rest in 
sockets into which they arc firmly cemented by rust joints 
(see •p.’ 12;). Internal flanges are cast on the two upper 
9 sections, and these serve to direct an inward flow when there is 
a surging of^fie Contents # of tha retort. 

The Valentiqpr Retort. — This retort is Very flattened at the 
bas£. It does not have a middle section nor internal flanges, 
tfhe Wallham Ketort (with extension ring), — This retort is 
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• # 

used either with or without middle section (or extension ring). 
It is vary similar to the Guttmann reto’rt, hVin$ socket joints, 
and internaliflange.s, but it has \%rlical sides, ^ flatter bottom, 
and an addit'onaF casting for charging lid and vapour take-off 

pipe. * • • % 

Retort with False Bottom.— An interesting retort was 

developed at II. M. Factory, £ retna, and patented by J. PrenticS, 1 



as an effort to reduce expenditure consequent »*pon the necessity 
of replying reports which cracked in process. I he replacement 
of a nitric retort is a rathtr big matter and involfo&thc remofal 
of one front of the brick setting, lo obviate this, the idea of 
having a loose bottom to the retort wasfcuggcsted and tlfc^iesign 
introduced by Prentice is shown -in Figs. 24 -and ^4A 4 4he 
drawings being self-explanatory. T 4 ie •jeto/t bottom was fixed 
in the following manner: Two strips of §-in. blue asbestos cord 
were soaked in silicate qf soda solution to*maCe.a joint for the 

1 13 . P. 134,406, 9th t)ec. 
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false bottom to bed itself into wjien conyng to re^t on the two 
faces. YVhej} in .position it was packed all round witji rust 
jointing material (p. 12;) whilh was well caulked tfbme. Over 
this rust joint a layer of" Non” acid-proof cement^vasr spread. 



* i' IG. % 3.— The Walthailt Retort. 


The- only retort of .this type tried at Gretna had worked 
( thirty charges at the time .the factory was closed down. 


Size. 

• A et ° rts ,° 4 ca P a <:ities from a few xwts. to 4. tons' of nitre 
with the neecssafo accompanying quantities of sulphuric 
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K - • • 

add are in *ise. It Js highly desirable to provide ample 
Capacity in a retort, «o that during the teactjon there is 
plenty of accommodation for the Contents, vvhic^ on occasions 
fare subject to rapid and considerable increases of bulk. A pot 
iof approx. 200 cub. ft. capacity was •originally, provided to 
work a 2-ton charge of nitrate. In practice this pot proved 
rather too small, especially for intensive working, and Tfcj 
. capacity was increased to abt)ut 350 cub. ft. by the addition of 



Fig. 23A. — I*l.ui of W.iltlum Retort. 


a 3-ft. extension ring. This extended retort proved very 
satisfactory in use, and such retorts worl*;d rnimy thousands of 
2-ton charges of nitrate during the recent w^r. The # dimensions 
of this retort are given in Fig. 23. • • • " 

The Extension Riitg. * ^ 

The practice of using an extension ring facilitates the • 
handling of the retort and is •economfeal in material, since 
when a Retort fails ^n use the failure is almost invcfl-iably at 
the bottom and the extension ring is # found to be^ still ytiite 
serviceable. 
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Cast iron* is Universally use for nitric acid retorts, and 
if the cast iron is of a suibjble nature it is adr^frable for the 
purpose. Although the question of providing a gpod acid- 



I'lG. 2^.— Retort with I'ahse ftoltom. 


• resisting caSt^ iron has Ifcen acknowledged as important for 
many years, *iritil recently vciydittle systematic investigation of 
the subject had* been carried out, with « a view to defining 
exactly the composition of metal which will best serve under 
conditions met witji.in nitric acid retorting. 
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• i 

Cracking and Corrosion. •, 

• * • * 

It has loi|g been acknowledged that for re^’stance to acid 

corrosion, h white'cast iron is most suitable, but owing to its 
.brittle character such an iron was not*considesed suitable for 
rough usage, and a tough, strong, grey cast iron was the 


desideratum of the engineer 
and founder. To meet tfie 
needs of those working with 
acids, a mixed or mottled cast 
iron came to be used as a 
means of paftially meet- 
ing both requirements of 
m(yhanical strength and of 
resistance t<* acid attack. 
Later, a grey cast iron was face- 
hardened where it was to be 
subjected to the action of acids, 
but vessels so prepared were 



not satisfactory, and this method never became general. 

Recent mctallographical investigations of cast irons subjected 
to nitric retort practice confirm the long-held view*as regards 
suitable type of metal to resist acid corrosion^ buj, go further 
in showing where corrosion takes place, and why. It remains 
to be seen whether or not it will be possible yet to specify 
metal composition and details of foundry practice which will 


ensure the production of a uniformly good retort for nitt ic acid 
practice. 


In order to ensure a gofxl quality metal where most 
required, at the bottom of the retort, it would seem better^for 
the catting to bt done with the bottom dftwnwards, so^thsrt slag 
intrusion^ of lighter density might rise ctear <5Whe botton^ 
This is the usual method. * * 


In this connection, however, it must Jjc borne in mit\d Jthat 
the brittle phosphide eutectic has a very low meltin^point, 
and during solidification of the casting it has 3, tendency* Jo • 
sink to the bottom, and there fdrm points of weaRness. It is 
desirable, .therefore, that the phosphorus content of the mgtal 
should be as low as possible. # # , • 

In a paper read before the Manche^or* Seition of the 
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Society of Chemical industry hi Febrpary 1918* E. L. Rhead 
considered the •effect of the composition, character, and 
cbndition of tfce metal in ca$t iron upon its predisposition for 
corrosion under conditions of use in chemicafl plant.* He drew 
attention to the fact that the ultimate analysis of cast iron, as * 
usually stated, gives a very imperfect indication of t*he purity 
of, the metal. *A typical analysis .of an ordinary casting is as 
follows: Total carbon, 3 3 per ccnV^ combined carbon, 0*6 per 
cent ; manganese, 06 per cent.; phosphorus, 10 per cent.; 
sulphur, 02 percent.; and silicon, i*8 per cent., making a 
total percentage of impurities of 7-5. This figure is not a 
true representation of the case. Carbon is present as carbide, 
Fc.,C, 4s well as graphite ; silicon as silicide ; phosphorus as 
phosphide* and sulphur as sulphide. Reckoned as the com- 
pounds, the normal impurities in cast iron totafr to something 
like 25 cent, of the material instead of 7-5 per cent, as indicated 
by the above analysis. When the metal cools from fusion its 
ultimate character depends on the b6haviour of these com- 
pounds, and not on the elements. At th£ casting temperature 
all are in solution and uniformly diffused. During cooling, 
as the solubility {alls, one or other may separate or concentrate 
in the still*fluid portion. The carbide under certain conditions 
may decompose to form graphite, the size of the fiakef of which 
being dependent on the time occupied in the growth. The 
other compounds do not decompose. The portion last remain- 
ing fluid retains practically the whole of the phosphorus, and 
has a v^ry low melting-point. 

In the solidification of castings the liquid portion subsides 
by gravity into the lower parts 6f the casting, so long as a clear 
way exists and produces cavities. Any isolated portion will, 
as far possible, do the same. Pressure -exerted Ly the 
$ontractiom*af the Solidified part may squeeze the Ifluid and 
cause it to v mould itself on the existing solid portion, or even 
into cavities as pellets. These eutectic enclosures are commonly 
associated with cavities # and crevices, which communicate and 
afford an easy path into the mass. Variation of temperature 
and other changing Conditions will help to reduce cohesion in 
such a heterogeneous mass. This occurs especially at the 
surfaces 0/ the graphite flakes, and* the larger these are, the 
Chew, Trade 9th February 1918, p.'in. 
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more readily # this occurs. Tfyus corroding liquids and gases 
find thyr way into the/nass and attack the material. 

^ In the attack of chemicaf vessels it was shown that actual * 
corrosion Jiao occurred on each 'side of the graphite flakes, 
the corroded material lying on each side of the flake. Cavities 
in association with the phosphide eutectic yielded on Exposure 
an efflorescence of iron salts in patches all ovgr the fractured 
surface. Reference was mAde to the very rapid failure of 
nitration pans, after having been long in use, when subjected, 
to more drastic treatment. It was shown that this was due 
to the surface having been removed by solution, exposing the 
more open and .more highly phosphoric metal in the centre 
of the casting. Specimens and analyses showing these 
differences were given. The ultimate cracking \vas 'said to 
be* due to th^ bursting pressure produced by the increase in 
volume due to corrosion. 

In the case of high silicon alloys used for chemical vessels, 
it was pointed out that the same conclusions held good. 
Graphite should be# absent, and phosphorus at a minimum. 
Examples showing the presence of both were exhibited, and 
it was shown by analysis that when acted on by acids the 
phosphide was preferentially attacked. * ^ 

Hay and Sissons, as a result of experimental work on acids 
plant at H.M. Factory, Gretna, came to the follottinjf conclusions 
regarding the corrosion of cast iron by mixed acid of the 
composition H 2 S 0 4 , 61 ; IINO ;j , 20; H., 0 , 19 (acid distilled Tn 
cast-iron stills) : — # 

(1) The occurrence of graphite in the cast iron is the 
chief cause of this corrosion. Where the graphite 
planes are large and closely packed together, corrogion 
• ^procee*ls most rapidly. # # # 

The reasons far weakness due f*) th<f* yresence tff 
this carbon wquld probably be : — The graphite planes 
prevent a proper development and interlacing of the 
crystals; they also furnish - an entrance into thftTnetal 
for the acids ; the swelling of t^ese t plames would call 
into play #a certain disruptive force; thp ferrite 
Associated with ^he graphite is ther soffest constituent 
of the east iron. • • • • 
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(2) The phosphide areas §tand ug well aryd, as regards - 
corrosion th£ presence of the; phosphide eutectic is 
not a source of wlakne*ss to acid att^Jk by mix^d 
acid oV the above composition. * 

<9 

Analysis of the cast iron showed variations in graphitic *> 
carbon content from 1-26 per cent, to 3*46 per cent., while 
specimens of ‘stills from the sagie foundry showed marked 
differences. # 

Note . — The particular investigation here considered refers 
to corrosion of the stills used in distilling nitro-cotton 
spent acid (see p. 179). These stills failed Qwing to distinct 
solution of metal causing local holing, and not as a result of 
cracking. . 

In regard tt> strength of the retort and general capability 
to withstand the stresses and strains to which it is subjected 
in alternate contractions and expansions, a view now held 
is that the bottom of the retort ought to be modelled on 
the catenary curve. Investigation in tjiis direction lY left 
to normal works experience, and here so many factors come 
into play that clearly defined results are difficult to deduce. 
The author’s experience in intensive nitric retort practice tends 
to the view that a flat-bottomed retort is *not desirable. When 
a retort fail.? in use it is almost invariably found that the failure 
is due to cracking, and the possibility is that corrosion and 
sfress and strain effects arc together responsible for the failure. 

E. L. Eh cad 1 attributes the cracking of cast-iron nitrating 
vessels attacked by acids to the bursting pressure produced 
by the increase in volume due t to corrosion. 

The author’s experience has been gained mainly during the 
years of the wnr, whgn nitric acid production was so urgent 
that very rajd<j working had to be developed, and tty' retorts 
tfere subjected W abnormal sudden heatings and coolings. 
With normal working, when reasonable.heating up and cooling 
dowR periods can be given, the modern nitric acid retort will 
c undoubtedly have a very long life. It seems desirable, how- 
ever, that b t e$i specifications /or foundry practice should be 
developed and laid down to ensure as far as possible general 
satisfaction. # * 


* J Vide supra . 
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RETORT ^eVtINOS 

Rjjtort •Skttinqs. 

Supporting tlie Retort. 


A nitric *acid« retort should ' be firmly supported in . its 
setting, with ample freedom for expansion and contraction. 
The ideal way of supporting a retort would appear ’to be to 



Fig. 2$. — Unsuitable Support. • 


hang it in the flue of the fire, but this arrangement^ not 

quite practicable. * * * 1 

An approach to the ideal is to buHd firmly in the setting 
steel girder brackets to carry the lugs whict are cast on the 
retort, and th$n to ensure that brickwork ii not built anyvfhere 

to resist freedom of expansion and contraction* ot the metal, 

• • 
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In this connection note should# be made that the run-off pipe 
at the bottorp of tfie retort must not be, held tightly in,a mass 
of brickwork. f » 



of brickwork, ilhder report*’; (2) .slender support at bottom near 
circumference ;* apd (3) how the nitric cake run-off pipe is 
embedded in brickvVork. t 



tfLOES 0Y 

» 

. ^ uea . 

tt is usual practice to.jirculate the hof.gasgs from the fire 
leveral tiroes round the retort* before discharging them from 



Fig. 27.— Retort Setting, TI.M* Factory, Grctnn. 

• • 


• 

near the top of the setting to the w*ste.garflue en route for 
the chimney. Successive flues have their inlets and outlets at 
opposite sides of the setting, and in this*way‘it is ensured that 
the retort is, evenly heated. Tlte* mauf lid ^f'the retort is 
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within the last flue, and this ensures the gnaintenaace here of 

a temperature sufficiently high to avoid condensation of gitric 
acid within the retort, and thus prevents nitric acid corrosion. * 
Fig. 2 7 shows* a setting with four horizontal circular flues. 
The downtake flue carrying waste gases to the chimney should 
be provided with a slide damper. • 

• Jf* gas or oil .fired, the flues should be provided with a 
number of easily lifted explosion' doors to safeguard the 
structure in the case of explosion. • 

Combustion Chamber. 

This naturally depends on the source of heat. Generally 
speaking, [t is bigger for gas or oil firing than for coal or coke. 
In any case, provision should be made for supplying enough ain 
for complete combustion. First class fire brick should be used 
in the construction, and they should be well laid by experienced 
men. In gas and oil firing, opinions arc divided whether or 
not to provide in the combustion chamber some system ^of 
chequer brickwork to assist in complete combustion. 

• Complete Structure. 

• • 

For stability and conservation of heat, the structure carrying 

a nitric acid TeUfrt and its flues must be substantially built 
with containing walls up to 18 in. thick. Where more than 
one*rctort is built, several may be contained within the same 
external yalls. Generally the plan is rectangular but in- 
dividual settings may be circular. 

The brickwork, if substantially Fuilt, docs not require stays, 
though these are often provided to give additional support. 

Condensing Systems. 

• • • 

Early Types. 

Formerly in the manufacture, of nitric acid, only air con- 
cjpnsation* usually in Woulffs bottles, was provided, but now 
both air and y£ter pooling* are made use of. The following 
diagrams (Figs. '2<j, 30, 31) of early nitric* acid condensing 
systenfs are from ‘a pafper by Guttmann. 1 . 

* * J J . S &. jChem . Jmi , 1893, 12, 203-16. 
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- , Requirements. 

iClany devices have been introduced for bringing about the 
ooling, of* nitric acid vapours* and each s)%tem in use has 



Fig. 28. — Retorts in Settings, IT.M^ Factory, Grectland. • # 

. . ' 

certain merits and claims a ^ccrtatn qpeasure^qf support. For 
success as a large scale nitric acid condenser, the apparatus 
employed giust answer a number of requirements, th« most 
important of .which are detailed’o^efleaf^ f iz. :-i • * 
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I. The materials of construction must • 

(a) Withstand the co'rrosive actiqn of nitric acid.^ 
,{b) Not be porous. ^ 



f^io. 2 9 — R.nly Conden'.ets. 


(t)« Withstand rapid * temperature changes and a high 
9 • . 'temperature gradient without cracking. 

{(f) Stand ^dlrnal pl^it handling. 

(*’) Have as high a thermal conductivivy as possible to 
* ensure rapid heat exchange and efficiepcy of con- 
' den's^tion.. * r 
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2. The ‘apparatus must lae simply in construction and all 
iarts should be readily ac^essitjje for adjus*fmer»t or repair. 

♦ % 

• Divisions. 

Although each distinct type of plant m*y var%. in detail, 
he general lines of treatment of a modern nitric acijl con-. 



densing system arc indicated in tlje accompanying diagram, 
Fig. 32, from which it is seen »that there are fiva principal 
divisions,, viz., conduit pipes to condenser proper, condenser 
proper, fume main, acid maiifs, and acid receivers. 

It is not designed in what follows tq, exhaust the types of 
condensing* systems Employed, bitf: a number pf suc9essfully 
used apparatus will be considered • • * 
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In order to cope satisfactorily with this rapid Evolution of 
nitric acid vapours from the report <$. the period of distillation 
known as the “ reaction” the condensing system should have 
ample capacity (at this period, the evolution of vapcyjr and 
hence the volume to be dealt with in the condenser, may be 
many times the average evolution over the whole distillation 
period), should be as efficient as possible, and should give 
freedom for passage of uncondensed gases. In the air-cooled 
portion of the apparatus, before rapid condensation is effected, 
there should be easy passage for the gases with as few changes 
of direction as possible. (Air cooling, as such, is now practically 



l' 10. 3 2 1 M.i^umun.itu Kcpic-mULnm <>| Condensing System. 

4- Conduit, Pi|>os to Ooiideiwi l’ropi'i (an loulity'). 

Ji. Condcnswr (.nr and w.itci nmling). 

C.jf Jncoudtiisud Fiimi* Mam (leu-ling lo absorption systuni) 

I). Acid Mama. K. Acid Uocuivrr. 

obsolete, but the hot gases are carried a certain distance from 
the retort to the water-cooled condensing apparatus in pipes 
which arc only air-cooled. This pipe system is here repre- 
sented as the air-cooled portion of the condensing system.) 

* # Ccnduit^Pipes to Condenser. 

The fulf volume of distilled gases is present here, and Smple 
capacity to carry even explosive-like discharges should be 
provided. The provision of an easy flow is much to be desired, 
and abfugt and awkward bends should be avoided. The 
simplest and most satisfactory system of delivery is obtained 
by the use of simple spigbt and socket pipes to give a conduit 
as shown in 1 Tig 33.. 

By^he use of the S pipe to give a cascade conduit as shown 
in Fig. 34, special point is made of the horizontal joints. • How- 
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ever, the joints in th$ simple f>ipe conduit system shown in Fig. 
33 , can be well made,* are not subject to mtieh danger from aci<j 
^iontact, afljl have been proveef to be lasting. In the simple 
systemjjhe gas flow is easier, and there is the decided advantage 



th^t if a pipe cracks oil the under side, it can be turned with 
the crack upwards? and patched, whereas the pipe unit in the 
cascade system (a much more costly one) has to be discarded 
if cracked. 



It is now fairly general practice to allow only a short Jiptake 
from the retort before bending otfer towards the condenses 
proper, and it is no doubt bett#r praStiflt to* get the gases away 
for condensation tttus than to hope for some^flux purification 
in a tall uptake pipe. • # 

Distillation* temperatures are gttain$c£ .rapidly, ancT it is 
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important to have the first pipe systepi of material which will 
withstand the conditions prfvaili^g during distillation. Silicon 
is cer£%inly the best material for this purpose. The pipes 
should comfortably yet firmly supported on wood runners 
which are so spaced that work such hs rejointing of jripes can 
be done? easily. 


Typfs of Condensers. 

Guttmann. — Oscar Guttmann was a piotjccr in large scale 
nitric acid plant, and his condensing system has been very 
largely used, in the early days Guttmann relied on air cooling, 
but later, on introducing water cooling, he was able to cut 
down his condensing area to one quarter^ -Onttmann’s 
apparatus consists of perpendicular pipes 'with acid lutes 
leading to common collecting channel pipes, and his earliest 
water-cooled apparatus is illustrated in Fig. 35. 1 

Modern adjustments of the Guttmann condenser have been 
mainly concerned with simplifying the design to make it more 
acceptable as a works plant. Fig. 36 shows a Guttmann type 
condenser of “ Ironac ” metal. 

I am indebted to Mr B. Burrow, who *has had extensive 
experience of the Guttmann condenser alongside the Waltham 
coil and the S-pipe at the works of Messrs* Chance & Hunt, 
Oldbury, and at II.M. Factory, Greetland, for the following 
information regarding its use. With easy conditions *of 
working (24-hour cycle), and preferably distilling nitrate with 
80 per cent. H 2 S 0 4 , good results, both as regards efficiency 
of process and quality of pi*)duct, were obtainable when the 
earthenware was very good. If, however, the earthenware 
pie^s did not prove to be good, ^nuch • trouble jerqued, 
as dismantling and reassembling coi^ld not easily and 
expeditiously be carried* out. Unde* hurried conditions of 
working, pipe breakage was excessive and general maintenance 
charges were high. Inability f to detefbt acid leakages $uring 
working led to much acid dilution* and wastage of acid, and® 
plant Consequent dismantling of the pipe* system led to 
further breakage because of the somewhat ynwield)* character 
of the f>ipes. Comparatively small borfc outlets fronf the 

# • • * • / 

• •* J. See. Chem, lnd. } 31$^ Marring. * 



66 MANUFACTURE FROM CHILI SALTPETRE 


Y-pieces feeding acid to.the colleiting channels lccf to choking 
and consequent difficulties. The lgrge number of Joints was 



FlG. 36. — “Ironac" Condenser (Guttmann Type). 


, 9 

also a source® of contihual trouble. Generally speaking, the 
condenser is not sufficiently flexible. Even under the most 
favourable conditions ths working co^ts with the Guttmann 
condenser are high* and in comparison with' the silica coil 









69 


? 

^ THE HART (tON DENSER* 

and S-type'P ^ 11 * 15 t i ie Guttiiann plant has little to recom- 
mend it . 1 # f '• 

- ^ Hart. — T)r Edward Hart was one of the pioneers of large 
scale distillation of nitric acid in America, anfl early sought a 
condensing system which should approximate ^omewhat to the 
Liebig tondenser so successfully used in laboratory practice. 



FlC. 3g. — Acnl Dehuriy from S-Ik-nd lo And Main u</ Sail Watcher 

(Hart’s Condenser). # , 

N • t * 

As finafly developed, the Hart condenser oonsbfts essentially of 
wide vertical pipes (standards) of potteVy oi* silicoiPiron, which 
are perforated to allow the introduction of a number of con- 
necting glass tubes fitting nearly horizontal. As tfyejnitric 
acid vapour passes into the standards it is split up intd a < 
number of small streams. Water is aftowed to drip over the 
glass tubes and efficient condensation is effec*e$l. * * 

1 Silica ware«has been useftl for the Guttnyum pl^nt, but though jts use 
has given increased reliability it has not inweasecLitJ flexiBility. 
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Many modifications have blen intrqduced in regard to 
details of gas conduits and acid rub offs, but the actual 
condenser units remain practically 'unaltered. A rriodern type^ 
of Hart condensing system leads the gases from the retort by 
suitable pipes to a double entry S-bcnd pipe, which carries the 
two fronrf standards of two condenser units arranged im parallel. 

• » Entering thgse two standards the gases split up and pass 
across by the glass tubes to the corresponding back standards, 
from the tops of which they are gathered by a breeches pipe 
into a U-pip e leading to the back standard of a third condenser 
unit. From here the gases pass to the corresponding front 
standard, from the top of which they pass to a fume main 
leading to an absorption system. 

CorlTtemedacid flows down the slightly inclined glass tubes, 
down the standards and into the g-pipc, front which it 'is 
delivered by a socket delivery connection via a “Still Watcher” 
to suitable receivers or to acid mains. Condensed acid from 
the third Hart unit flows down the back standard and socket 
delivery pipe to meet that coming from the l S-pipe. 

An earlier design using the Hart system provides large 
Woul ff’s bottles as gas and acid receivers before the condensing 
sets, and the third*condensing set receiving its supply of gases 
from the bottom by the back standard, is constructed differently 
from the firsrtwo*sets in parallel. 

In the middle of the back standard is a baffle having only a 
small drip hole. The gases thus rise half way up the back 
standard t and across to the front standard, from the top half of 
which they pass across to the top half of the back standard, 
and from the top of this the unccndensed gases pass to a fume 
main as before. 

Thi$ type of« third .condenser allows much less nitric^ Icid 
vapour tef pass . forward into the uncondcnsed fume rriain, but 
tinds to prevent freedom of gas flow. J 

American practice has developed a Hart condenser with 
3-in. ^lass tubes in plac6 of the ij-in. tubes common in English 

* practice. The standards arc generally provided with baffles so 
that 5 tubes, a re first <asgtl leading from front to back, then 
4 tubes from ba^k to front, and 3 tubes front to back again. 
TwcJ condensers ar£ used in series acd a third c one takes the 
uncoridense'd gases Yrpm i\\p retorts. Condensation tl;us takes 
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place in 30 glass tubes per retori instead t of 78 as. in English 
practice with the ^ame* condensing surface. This effects a 
considerable reduction of joints* but ‘the heat exchange can n*t 
be so good owing to the reduced velocity of the gases, c 

The glass tubes arc usually covered with a coarse cotton 
cloth to*gct an even distribution of water over them. The 
•death may be tqrn into strips about 4 in. wide and inter- 
woven with the tubes, round one tubfe to the right, then to the 
next tube to the left and so on, the strips being kept 4 to 6 in. 
away from the standards. Rubber rings arc useful on the glass 



PlG. 41. — To show the IJbe of Rubber Rings* in pieventing Cooling Water 
* leaching the Joints where the (ilas.s Tubes enter the Standard. 

c 

tubes at their lower ends to prevent water running on to the 
joints where the glass tubes enter Ahc standards. Water from 
the condenser is collected in stoneware trays and led to 
waste -by stoneware do\yn pipes. t 

CondkS’SKR Joints. — In a plant handling charges of*2 tons 
of* nitrate c*f soda* the** three bank* of glass tubes in the 
Hart condenser necessitate 156 acid and. gas proof joints, and 
the gr«atfest care is necessary in selecting jointing material. 
Jn filing the glass tubes, they are placed in position in the 
sockets provide in the , standards and the joints are made in 
the following manper. A ring of blue asbrstos cord is first 
put if.. A layer of 'soft putty (p. 127^ is then inserted and 
pushed* gently againSt f the' c^ord with a suitably, shaped wood 
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tool. Another ring o[ cord fellows and* then another layer of 
putty. Over this is ‘put a facing of asbestos and silicate 
cement (p. \ 2 j). When this is lirmly set, the surface of the 
joints is painted over with tar. Such joints will stand normal 
% wear for a considerable time. However, sudden pressures in 
the reto»t, and sudden rushes of gas, must be avoided if the 
joints are to have a long life. . * 

The Hart condenser is* too intricate, there being far too 
many pieces jointed together. As a result, the labour required 
to watch it is considerable, and the cost of repair and general 
upkeep make it expensive to maintain. If it is not maintained 
well, there is ample opportunity for dilution of condensed acid 
with cooling water, for leakage of acid, and for leakage of fume. 
These are serious disadvantages which have to be taktfn into 
account. Oi^ the other hand, the condenser gives rapid con- 
densation, and provides an acid very free from nitrous impurity. 
It is an excellent condenser to watch, the glass tubes providing 
ver y t clear and accurate; indication of the progress of distillation. 

In intensive wofking during 1917 the cost of upkeep of a 
battery of Hart’s condensing sets at Gretna, producing 3051 tons 
of H N D,j, was ^286, i.c., is. iod. per ton of IIN 0 3 produced. 

Skoglund. — This % condenser, now rarely met with, consists 
essentially of a quartz packed earthenware tower, similar to an 
absorption tower (p. 99), though smaller, surrflounted by a coil 
over which water is allowed to trickle. 

The hot vapours passing from the retort are mixed wifh 
air, supplied by a suitable injector, and then led into thp bottom 
of the quartz packed tower, down which a stream of hot con- 
densed acid flows from the condensing coil above the tower. 
The passage of the hot gases over the descending acid causes 
aj^fficient bleaching (see p. 172) of tjic lattfcr, and tjic*acid 
flowing out at the tower base is particularly free frofn nitrous 
acid and chlorine. This* hot acid parses ihrougb a coolin'g 
worm before being led to storage. 

Uncondensed gases escaping from the top of the condensing 
coil are carried forward to an absorption system. . • , 

In order to avoid breakage, fhc% condensing tower is 
insulated, and it Is designed as far as possible tt) provide 
continuous working in erder to avoid big* temperature varia- 
tions. for this purpose it is ipade pjs.sible to usfi one 
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condensing ' set for several retarts which can be worked in 
succession. 

. Waltham Reflux Coil. — Introduced at HfM. Factory, 
Waltham Abbdy, this condensing system makes uso of water- 
sprayed silica ware coils in which the nitric acid vapours pass 



Upwards, a^d dov^i which condensed acid flows to a suitable 
receiving system. Uncondenscd gases pass from the top of the 
coils «to* fume mains. A number of coils may be worked in 
• pa*4lfel, the gases from the retort being received into a trap or 
reflux box fo$ Aistribu^bnfto thp respective coils. 

This condenser is very simple in construction, but fails to 
give* perfectly easy* passage for the gases. The f reflux action 
causes a throttling jffed: € which leads to trouble when extra 
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rapid gas evplutidh has to befcoped wifh. With £asy working 
of the distillation process the coil conclens^r works very satis- 
factorily. A somewhat seilous disadvantage lies in the fact' 
that the condensing unit is so large, and a cmck or breakage 
affects the whole condenser. The y umber of joints in this 
condenser is very small, and generally speaking the mainten- 
ance requirements are light. # » ‘ 

S-Pipe. — Several factors have led in late years to the 
simplification of design* in nitric acid condensation plant, 


c 



I‘1G. 43. --Reflux Coil Condenser. 


and largely as a result there have been evolved a number 
of condensing systems maiifly composed of large bore pipes 
suitably connected and cooled. Two factors of importance in 
JN^oping this type of condensing system wert (1) necessity for 
plant t& require very little attention owing to slyortagS of labour 
during the war; and (2) need to adapt plaitf to sujf the specral 
materials of construction, fused silica ware and acid-resisting 
irons, both of which provide some* difficulties as* vgards 
manufacture. Generally speaking* this non-intricate, £asy flow f 
type of plant has proved very ^uccessfuJ, and wifl,jio doubt, soon 
become standardised into a fairly generally accepted system. 

However^where particular conditions t>f a£id requirements 

exist, there m^y long linger a tepdenc^ *to bvlitSvc that this 

• • * 




Vitreosil ” S*Pipe Condensing Plant (Thermal Sj ndicate). 







FlCf. 45.— Haught^n’s “ Ironac ” S-Pipe Condenser. . 

The Ceratherm prtem condensing |>lant follows the normal 
S-pipe type, but differs in the use pf pipes of triangular sfction 
instead of the normal ones of circular # section, whereby increased 
cooling surface is provided. • *• . • 

The S-pip e condenser is perhaps the simplesjt of condensers. 
It is simple in construction, readily .accessible, and genially 
proves quite successful. This condenser seedily *lcnds itself to 
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construction in acid-r^isting metal or in silica ware. It has 
,been found advisable to provide $ome packing material inside 
the horizontal portions of the first few pipes to avoid unc&n- 
densed nitric acid passing to the fume main. Thfeepacking 
may be broken silica whre or special spiral packings in acid- * 
resisting iron. Owing to the freedom of gas passage, rapid 



FiG. # | 6.— Oiathcini Prism (Patented). 


distillation generally entails a considerably passage of rfitric 
acid into the fume main. The total number of joints on this 
condenser is not excessive, and an advantage with those used 
is that they all lie* horizontally, thus enabling tight joints to be 
made with considerable ease. * 



Fig. ^7. -Spigot and Socket foints. 


The piffcs are Aiitably jointed in the following way. A ring 
of blue asbestos rope or^cord is laid in the faucet base. Above 
this aJ layer of soft putty # (p. 1 27 ) is rammed in securely and 
faced with tar. . # 

Hough. — This box-Tke condenser, namejl after its inventor 
and patentee, i^very compact and effective. It was introduced 
in Canada, [s most jtiscd in America, and is now finding favour 
in this country. ‘The lujf nitric acid vapours are led into 
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rectangular boxes wh;ch carry a series of double U-pipes 
through which runs cooling ^ater| The confcnsed acid is led , 
off from the bottom of each condenser box. This condenser 



Fir.. 4R. The Uomjh Condense!, 


is often used to take the hottest gases, and* subsequent con- 
densation of vapours passing forward is effected in g-pipes. 

The condenser is usually built in acid-reeistfng iron, and 



• • • 

is handy and free from joint trouble! The unit is relatively 
large and breakage involves the whblcf»unit. leakage due 
to freezing of the ^contained water is a possibility nbt to be 
overlooked, # • * 

Fig. 77 , p. 133 , shows an arrangement featuring £he Hough 



condensfcr, followed in turn by water-cobled silica 8-pipes 
an^ vertical air-cooled pipes. . ^ 

An AAericaij jvactioj is to use a preliminary copling box 


Fig. 50. — Valentiner Condensing System. 
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THE VALENTINER SYSTEM , 

I 

containing only one double U-tube carrying water before 
leading the gases into Hougjh condensers sA in parallel. , 
■^alentine^ — In Valentiner’s vacuum process of nitric acid 
distillatiqjv condensation is effected principally ill cooling coils 
totally immersed in water. Some condensation is. also effected 
in air-cooled Woulffs bottles, which serve to receive tin? con- 
densate. Fig. 50 is self-explanatory and shows a typical ** 
Valentiner condensation plafit. 

A modern Valentiner plant installed at the Huddersfield 
works of British Dyestuffs Corporation receives^he hot gases in 
water-sprayed Narki 3-pipe condenser sets in parallel before pass- 
ing to the normal earthenware coils, also in parallel, immersed 
in water. In this case the usual second coil is dispensed with. 

Owing to the fact that the Valentiner plant is worked under 
reduced pressure, it is very necessary to ensure that all joints, 
particularly those in contact with water, are. kept sound. The 
number of joints is considerable, and the keeping of them in 
satisfactory condition entails considerable labour and time. 

Well cared for, th*e Valentiner plant gives satisfaction. 
Modifications of the Valentiner Process.-— During 
the war, Frischer, in Germany, developed a much bigger unit 
for the vacuum process than was used by Valentiner, and intro- 
duced a rotary liquid sealed pump in place of the relatively 
troublesome reciprocal pump formerly employdJ. 

In America, Hough uses a mechanical stirring device in 
the retort in his vacuum process, scrubs the uncondensed 
vapours from the S-pipe condenser in sulphuric acid, and 
maintains a vacuum of about 20 inches of mercury in the 
#ystem by means of a rotary sulphuric acid sealed pump. 

By this process it is claimed that five charges can be worked 
in fvve»tv-four tyjurs, producing acid of 9^ per edit. HNQ. a with 
an overall recovery of 97 per cent., and a fvel consumption of 
only 0-075 ton of coal P er tftn of HN 0 3 [ftodused. • 

Types In Use. — Of* eleven British firms (not explosives 
manufacturers) who kindly supplied irfibrmation as to # flieir 
processes for nitric acid manufacture—' . • 

4 use the Valentiner — with g-pipcf modification. 

4 » S-pip& — silica ware or acid-resisting iron? 

2 „ ^/altham coil. 

1 use^theGuttmann — with silica ^are fti^es. • 9 
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WateV Supply to Condensers. 

Where water is required to drip over the condensing surface 
it may be supplied in perforated pipes, supported horizontally 
over the condensing .fystem, as shown in Fig. 37, p. 67. Inj 
order *to prevent blocking of the holes by sedimentation, it is 
^advisable to have these on the top of the pipes rather than 
on the bottom. Iron pipes rcadfly corrode and do not give 
good service. Aluminium pipes arc found to answer very well. 

Difficulty irucnsuring a perfectly horizontal pipe often leads 
to unequal distribution of the water from the perforations, and 
a surer distributing system consists of a wood trough of 
triangular section, with serrations along the top edges. The 



overflow frditi stich a trough gives a very satisfactory supply 
for condensing purposes. 

With the silica coil condenser it has been found that the 
provision of a fine spray of water from one or two centrally 
situated spray nozzles gives a more economical wetting than a 
drip distribution. Compared with the drip system, a water, 
consumption saving of 50 per cent, resulted at H.M. Factory, 
Queen’s Ferryj by the use of two sprays, onc s above a«d' the 
other bdiovv, b^pth spraying towards the centre of the coil. The 
types of , spray used *in sulphuric acid chambers or for the 
Gaillard concentration towers arc quite suitable. 
q ’ 

« <. • 

Fume Main. 

Following the condenser proper, it is nfecessary to provide 
a jSrjpe sy sterri to carry the uncondcnsed gases to a suitable 
absofption* system^ pvhere, the nitrous gases* resulting from 
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decomposition of HNQ^ can be oxidi^d and absorbed in- 
water to give a solution of citric lacid. ThiS pipe system is . 
conveniently l*nown as the fume main. # 

With aft efficient condenser, the fume main is not called 
upon to undergo trying conditions of teVnperatuse change, and 
it may tte constructed of good acid pottery ware. * The 
ordinary spigot and socket pipes are used, joints being made 
as indicated on p. 78. So&c nitric acid vapour gets over 
into this main and condensation takes place. This point 
should be borne in mind, and it is best to hare the pipe line 
with a suitable ^lopc so that the condensed acid can be 
drained away. * 



FlO. 52. — Tapeied spigot and Socket Pipes. 


The fume main is best supported in twt wood runners, 
with comfortable spa<& between for remaking joints, patching 
pipes, etc.’ . •• 

At suitable intervals, water manometers should be inserted 
in holes in the fume main, being plugged in with asbestos cord* 
and asbestos silicate cement. 

Acid JMains. 

jThc acid from the condensers is carried quite satisfactorily 
to the fe%eiving vessels in acid pottery ware pipes, though both 
Narki ware and silica ware pipes are used vfith success for this ( 
purpose. It is as well to fiave a piece of glass pipfr suitably 
placed in the acid mairt so that the rate of make of acid can 
always be seen. In all cases spigot ancf socket pipes ars iest, 
and the joints are made as indicated on p. 78. Sppcial mentioh 
is made here of a tapered spigot ancf socket pipdj which has 
proved exceedingly valuable in carrying nitric acjd. With this 
pipe the acid .does not Readily get a f the jointing maternal, 
and joint* have Si long life. In a ca^nmuiiisatiofi from rf.M. 
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•Factory, Greetland, JVIr 0 gg, the Aqids Manager, writes of 
, these pipes as a g'reat success, an<J says : “ The nitric acid mains 
at Greetland have stood a test of eighteen months’ working 
without a single breakage, and most of the joint- did not 
require repacking during the whole period.” *. 

It* is very necessary in carrying nitric acid along jointed 
^ pipe lines to see that the line has plenty of fall, so that there 
is no tendency for acid to lodge. 'Unfortunately, designers and 
builders of plant often do not realise the nature of nitric acid, 
and arc quite prepared to construct acid mains with a minimum 
fall. This point should be watched. 

As there is always the possibility of btirst joints or of 
broken pipes, it is a good plan to avoid woodwork in carrying 
acid mains, if possible. A light, acid-proof brick or tile support 
is suitable. * 

Questions such#as whether to provide two independent acid 
mains with a suitable arrangement of taps for strong and weak 
acids; whether to equip each retort .with its own receivers, 
or to provide common receivers; whether to cool the acid 
immediately after the condenser, or to convey the make of 
several condensers to a common cooler, etc., necessarily depend 
on particular requirements. r 

Cooling the Acid. — Cooling of the condensed acid, is usually 
effected in leacfj silica, or silicon-iron coils, or (J-pip cs - Lead 
^can be used only for acids of over 88 per cent. HNO ;} content 


Acid Receivers. 

Whatever their nature, nittic acid receivers should have 
fume-tight lids, their acid entry pipes should be securely lifted 
and necessary 'openings for sampling or dipping purpo^eS'should 
be stoppered* or provided with luted lids. Fumes from the 
rcceivers**are conveniently carried by pottery pipes to the 
general fume absorption system. It *\s advisable to provide 
me$i$ for air or other' agitation for sampling purposes. 

' • It should, always be' considered bad practice to put nitric 
add receivbr? in pit! Occasional trouble with leakage may 
be expected, and at such times pits are a great nuisance. 

€ JPottery ware of a good acid-resisting type if the only really 
safe* material in.y/bich store nitric acid; but, because of its 



MATERIALS FOR ‘RECEIVERS 85 

L 1 

fragile nature* and the difficulty df obtaining vessels of very 
large capacity, it is not *by any me|ns ideal. •Tottery ware will 
store nitric a£jd of any strength, and is practically universally, 
used for very weak acids. • 

# Trouble of a greater or lesser degree is invariably ex- 
perienced* with the run-ofif pipes from earthenware receivers. 
Spigot type taps are usually led into corresponding socket • 
holes near the bottoms of frhe tanks, and difficulty arises in 
making these taps leak-probf where inserted into the receiver. 
The usual method of insertion is to rely on a pointing of blue 
asbestos cord and soft putty with a facing of silicate cement, 
finally waterproofed with tar. Certainty cannot be ensured, 
but little difficulty is ex- 
perienced if sufficient care, 
by one who uivierstands the 
work, is given to the job. 

To prevent destruction 
of platforms, supports, e(c., 
it is advisable to provide a 
half-round tile drip drain 
where su~h outlet taps from 
earthenware receiver^ are 
situated. Such a drain can 
be connected by a suitable 
pipe line to a conveniently 
placed carboy or other 
collecting vessel. 

Lead vessels may be used successfully for acids of 88 per 
cent. HN0 8 and over. Some ctrrosion occurs and lead nitrate 
is produced. This being insoluble in concentrated nitric*acid, 
assists «omewhaJ towards prevention of further corrosion., Isids 
of vessels do not get this protection, as th« f * nitrate mTTbeing 
very coherent, readily scalds off the mefcil and presets fresh * 
surface for attack. Lead vessels should be built of stout sheet 
( 20 -lb. lead), and require to be very well stayed by lead-dowjred 
steel bands and railway metal girders. • # • 

Outlets from lead-receiving yesselS ar#e best controlled by 
earthenware cocks, a suitable type being the “ block ” •variety, 
which is provided with a suitable iron fram£ for 'holding it*in 
position apd for holding down the plu^ 



FlG. 53. — Spigot Tap ill Karthenwaie 
Vci?i.cl. 
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Acid-resisting ircfn vessels are quite satisfactory for holding 
nitric acid, anc^* where traces of iron in the acid are . not 
detrimental, such vessels arc successfully used. • 0 

Aluminium— Selig man and Williams 1 show th^t jold nitric 
acid may be stored and transported in aluminium vessels. 
Dilute acid attacks the metal rather more than concentrated? 
Hot acids, on the other hand, must not be handled in 
aluminium vessels, as such acidc of all strengths have con- 
siderable action on aluminium. * 

Iron and Steel.— Cast iron tanks are occasionally used to 
hold concentrated nitric acid, and where the nitric acid produced 
is required only for mixing with sulphuric acid, it is sometimes 
found convenient to run the acid into mild steel vessels con- 
taining sulphuric acid and provided with stirring gear. In this 
way an “approximate” mixed acid is obtainecj which can be c 
adjusted as required (see Mixed Acids, Chapter V., p. 269). 

Acid-proof Bricks — Where the necessity has arisen for hold- 
ing large stocks of weak nitric acid, built-up tanks of acid-proof 
bricks or tiles, and special cements (see p. ’128) have been used 
with more or less success. Tongued and grooved tiles are 
useful in this connection. With suitable care such tanks may 
be made acid-prbof, but if special attention is not given during 
the building by someone experienced in nitric acid work, there 
is great d.fifger* of the result being unsatisfactory and a con- 
tinual source of woriy. For all purposes where acid-resisting 
'qualities are desirable, such bricks and tiles as “Nori” ware 
made by the Accrington Brick and Tile Company prove ex- 
ceedingly satisfactory. 

*« i> 

. Materials of Construction. 

. 1. Pottery Ware. — The earliest nitric acid condensers ftere 
made V pottery ware, but it was soon found to be deficient in 
~ the necessary qualities. It did not successfully withstand the 
temperature effects, it was inclined tp be porous, and it was 
very; lacking in the qualities of heat transference. As these 
defeefs were noted, improvements in the ware were effected to 
meet the requirements of the nitric acid process, and present- 
day pottery ware specially provided for nitric acid work is a 
much more reliable and satisfactory material. 

1 « 1 y. Soc. 'Chcm. bid 1 916, 85 , 665-692. 

' * " d * 
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During the wai* a large quanlity of*infer^>r pottery ware 
was put to use in nitric acid wok, but* material supplied by 
lon^-established firms could generally be relied on to do what 
was expected*of it. Doulton ware, for example, js a good acid- 
resisting pottery successfully used for nitric acid work. A 
comparatively recently introduced ware by Shanks is very 
close-textured and thin-walled, and has proved satisfactory 
in use. 

Pottery ware may nciw claim to be acid-resistant and 
non-porous, but it often fails to withstand the necessary 
temperature changes during the condensaticJh of hot nitric 
acid vapours. The rate of heat transference through pottery 
ware is not good, and in this sense it falls short of an ideal 
condensing medium. It is not sufficiently reliable in use, and 
condensing systems built of it are costly to maintain. 

2. Ceratherm. — Ceratherm ware is claimed by the makers 
to be of porcelain quality as regards acid resistance, and to 
have a much higher thermal conductivity than pottery ware. 
It withstands violent changes of temperature without cracking. 
This ware, apart from a tendency to porosity, has, to the writer’s 
knowledge, proved a satisfactory material for nitric acid 
condensation work. # 

j. Glass — Glass* is successfully used in the Hart con- 
denser, *and for sight-glass purposes in othy condensing 
systems. A specially strong variety capable of withstanding 
sudden changes of temperature is necessary. With improve- 
ments in this type of glass, it could be used to a much greater 
extent in future condensing plant, thus enabling th« process 
( of condensation to be watched more closely. 

4. Silica Ware. — The introduction of large scale plant of 
f&sed^silica ware promised to prove of great value to nitric acid 
makers because it was expected that tins property of resistance 
to rapid changes of temperature would tfnsurft reliability for 
condensing purposes. The expectations were vary largely 
realised, and silica ware condensing apparatus was largely 
introduced in replacement of pottery^ ware. Silica coil% /Proved 
particularly successful. t • # 

Silica ware is absolutely resistant t'd acid attack, quite non- 
porous, and is very successful in withstanding temperature 
changes. If has not a* high therrrval conductivity, hov&ver, 
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and is sensitive \o shock orLtrain, being v£ry brittle. Its first 
cost is much higljer than that of pottery. 

With a suitable type of apffaratus which lehds itself to 
successful manufacture, fused silica ware is undoubtedly a 
very fine material for nitric acid condensation purposes. 

5. /Lcid-res\ating Irons. — The production of an acid-resist- 
«*.ing iron may be considered a necessary step in the progress 
of evolution o'f acid works construction material. It is one 
example of man’s adaptability to Conditions with which he 
has to contend^ Pioneers in this particular development of 
structural material had a difficult task, and the process of 
evolution has been comparatively slow. Nitric acid makers 
have cause to be deeply indebted to those who have produced 
such an eminently useful material as an iron which will success- 
fully withstand* the corrosive action of nitric acid. c 

Specially named iron alloys containing a high percentage of 
silicon are now available for nitric acid condensing purposes, 
ironac, Tantiron, Elianitc, Duriron, and Narki. These 
alloys are highly acid-resistant, non-porous, and successfully 
withstand the changes of temperature to which nitric acid 
condensing plant is subjected. They are very brittle and have 
to be handled almost as carefully as pottery ware. Their 
thermal conductivity is much higher than that of pottery or 
silica ware, a ltd this is of great advantage for condensation 
purposes. 1 heir density is very high compared with pottery 
ware, and necessitates very substantial structures to carry the 
condensing units. 

As an indication of the value of Narki ware for intensive 
nitric acid retort work, the following comparison of costs is 
interesting. At H.M. Factory, Gretna, the total cost for 
material and nvuntenance of twenty-four retorts for onevyear, 
vertical-uptake only, in pottery ware was at the* rate eft £120 7 
-Per annum, of which ^530 represents labour. The cost of 
material and labour in replacing this pottery ware by Narki 
metal^ amounted to £>52. Subsequent maintenance charges 
on the^Narki plant were .practically nil over a period of two 
years. In addition to (f actual cost figures, the advantage of 
continuity of output with Narki ware was*of great value at 
a ti^e when enormous demands for nitric acid had to be met. 

SqleotiQp 9* Material*.— In regard to selection of materials 

• 1 ( 



89 


HATERIALS foi condensers 

of construction, no hard and fait rules can be laid down. . It 
must be generally accepted that with suitably built apparatus, 
acjd-resistif^ irons are most satisfactory in use. With reason- 
able c^a in handling, and with careful attention to assembling 
so that the material is not subjected* to irregykir strain, there 
need be no fear of breakage from one year end to Another. 
The suitability of the particular apparatus supplied is by now 
fairly well assured as a resfllt of close study on the part of those 
who have used, and those who have made, such acid-resisting 
ware. Care in assemblage of the parts is #utal, and lack of 
attention here should not lead to complaints against material. 
If one will handle the metal as if it were glass, good results will 
follow. Such irons arc very costly and very heavy, and there- 
fore their use is not usually extended beyond what is necessary 
to ensure security against breakage of material. Where tem- 
perature variations are small, acid pottery ware may be used 
with advantage. Notwithstanding their very high degree of 
acid resistance, high silicon irons do dissolve to a slight extent 
in nitric acid, and where it is essential to produce an acid free 
from iron it is not advisable to use them for condensing 
purposes. The traces of iron actually dissolved are so small, 
however, that acid % condensed in acid-resisting iron ware will 
pass mpst specifications. 

Fused silica ware is exceedingly valuable for nitric acid 
condensation purposes. It is not quite as immune to breakage 
during plant working as acid-resisting iron, but if it is care- 
fully assembled and not subjected to irregular strains, con- 
densing sets of this ware will last for very long periods. Its 
• heat conductivity is much leas than that of iron ware, but it has 
the advantages of not giving any impurity to the acic! and of 
not be^ng so Jieavy as iron ware. Owning to*high initial cost 
it is not desirable to extend the use of siWca ware further than 
is necessary to ensure freedom from constant break^e. When 
the temperature variation is slight, it is again possible to-use 
acid pottery ware. . * 

Ceratherm ware has not been fried out to the extent of 
silica ware, and it remains to be seeh whether th£ better heat- 
conductivity whidh is claimed for it will justify its* extended 
use. It is nj>t quite as ‘fragile as silica ware, tut it is u.tfially 
more pqjpus. Like silica ware it do^s nokqpptartiiitate ttte acid. 
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Pottery ware w\ll nofwithslind, with any ctegreeof certainty, 
the trying conditions of* rapid temperature changes which occur 
in. nitric acid distillation. Although it is much -cheaper to 
instal, the cost €>f maintenance and replacement, the, waaJe of 
acid and fume and consequent destruction of plant and injury 
to the -health of workers, more than outweigh the cgst of a 
safer material. With slow working of the distillation process, 
the breakage bill with pottery ware «might not prove excessive, 
but even this is uncertain. Good pottery ware specially made 
for nitric acid v^ork is very satisfactory in use where rapid 
temperature changes are not met with. For example, after the 
first heat has been removed from the gases from the retort in 
iron, or silica ware, such pottery ware will stand well to condense 
moderately heated vapours and to convey the uncondensed 
gases away for absorption and to the exhaust chimijpy. Pottefy 
ware also carries the^condensed acid quite satisfactorily. 

The glass tubes used in the Hart condenser give reasonable 
wear, but are always subject to breakage.^ 


Dki.ivkrv of Acid from 1<kcki\ krs. 

* Gravity Flow. 

In a well -designed plant the receiving* vessels are at such 
an elevation -that* the finished product can often be ‘run by 
gravity to its immediate destination, whether it be some works 
process at an adjacent plant or to containers for despatch to 
distant parts of the factory, or to places away from the factory. 

Such gravity flow is not always possible, and it is then 
necessary to move the acid by jnechanical means. For this 
purpose pumps, acid elevators (either discontinuous or auto- 
matic), and air lifts are made use of. 


Pumps. , 


...High silicon iron centrifugal pump$ for nitric acid work 


have proved very successful, and no one need be troubled in 
conveying nitric acid of any strength when such pumps are 


used with pipe* lines q£ similar metal. Mr Ogg informs the 
author that one’ Ironac pump at Greetland pumped 3000 tons of 


65 per cent, nitric &cid, and was apparently as good as ever 
when *he fa«tcry cl(*sed ddwn. , % 
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The Coratheita armoured (fcntrifi^al pump is said to be 
suitable for pumping'nitric acidpf all strengths. 

Centrifugal pumps are* now generally supplied with only 
one^JaiTjd, and that on the suction side. This* gland is subject 
to practically no acid leakage, and tl*e old-time gland packing, 
troubles arc done away with. % 



FlG. $4 — “ Irfnat ” Centiifugal Pump. 


Elevators. 0 

• • * ’ 

Where elevators are used for conveyance o/ nitric "acid they 

may be made of eartheiAvare or acid-resisting iron. It is ofttfn 
more convenient ta rely on automatic elevators than to. be 
compelled to have a constant eye to the filling and discharging 
of the discontinuous type. Such 'automatic elevators can be 
obtained in stoneware and in sili<?on # iron, add* are claimed to 
be very satisfactory in use. Where they are well* fitted, and 
when provided with a. little patient attendance, they can be 
relied jyyto give good service. ( * . • • 
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Air [Lifts. 


' The air lift is very commonly ‘used in the circulation of 
nitric acid in connection with fume absorption (p. I 0 jy€ut 
otherwise it finds little application. 


• • 

Storing and Handling Nitric Acid in Carboys. 

The carboy, of glass or earthenware, is a popular container 
for nitric acid. When properly packed with straw in a 
sound iron crate,* it can be handled conveniently and with 
little danger of breakage. The earthenware variety is much 
less liable to breakage, but it possesses the disadvantages of 
non-transparency and extra weight. 

When concentrated nitric acid comes in contact with stravy 
there is great danger of fire, and as a safeguard the straw 
packing for carboys should be kept well wetted with water. 

Carboys containing nitric acid should be provided with 
earthenware stoppers well luted in with, moist clay, or luted 
with plaster of Paris and covered with moist clay, over which a 
cap of sacking should be secured (see p. 202). They should be 
stored independent of other materials on a floor where they 
can be drenched with water as required, and where protection 
from the sun is provided. 


% Building to House tiie Distillation Process. 


• Foundation. 

Retort settings with their retorts are heavy structures, and 
if trouble is to be avoided later ample foundations should be 
provided. If stability is not ensured from the beginr^ng,* 
trouble c&i be looked fol* in many directions vvheh the pfhnt is 
winning. Levels* will* al^er and it may be difficult to maintain 
the necessaYy slope on the pipe lines conveying acid. Pipe 
sup‘pbi^ will sink and breakage will result from undue strains. 

• 

► EncJo$ing Building. 

GeneraHy speaking, for comfort and security of working, 
the d^tillation [riant,* from the charging of the reports to the 
receiving of fhe» acidj .should be properly housed. ^ 
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Formerfy, this question of h<kising fras sadly neglected, and 
nitric acid plant was a hotchpotAi in a roughly thrown together 
shed, with # |i maze of pipes situated in positions reached only 
by nlf performance of acrobatic feats on *thc part of the 
workers. In those days nitric acid* production came to be ' 
looked upon with horror both by masters and men. There is 
no reason whatever why it should be looked upon otherwise 
than as a normal and reasonable works operation, and con- 
ditions should be such* as to enable one to inspect every 
detail of the plant comfortably and without fear of one’s 
life from gassing, acid splashing, or dangerous pitfalls. Such 
conditions do«exist on well-arranged and properly conducted 
plants. 

For these conditions, a good, roomy, well-ventilated building 
is essential# The skeleton structure may be of steel, but it 
should be as open as possible, and built, with a minimum of 
members. 

.Materials. — During distillation a little nitric acid vapour 
invariably gets into the atmosphere, and this with the steam 
from the condensing sets produces weak nitric acid which 
readily attacks steel, entailing considerable trouble and expense 
in painting. Until non-rusting chromium steel is used for 
structural work, or until a true acid-resisting paint is produced, 
steel cannot be considered a satisfactory* material to have 
in a nitric acid house. Provided due attention is paid to 
painting, however, the skeleton structure of steel may be relied 
upon to remain good for a longer period than is usually allotted 
for normal depreciation of acid plant buildings. 

• The roof should be fairiy lofty, and well ventilated, and 
is preferably constructed of wood. Wood suitably* coated 
withstands tfye action of nitric acid fumes well g.s, *if not 
better than, the best of any so-called rcid roofing~material 
available. * • • 

Roofing Materials.— A s a result of testing fifty*one 
specimens of possible roofing materiefls for use on ftjjSjc acid 
plants, the author has come to the conclusion that wood suitably 
treated will give better service thafi tfny of the dther materials 
tested. # # * 

The materials tested may be £roup*ed ihto four £road 
classes jjnf?Tely: — 
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. i. Pliable rooling flits or/ fabrics impregnated* with bitu- 
minous materials, or composed fargely of bitumen. 

2. Rigid roofing slabs, tiles, and slates consi^ing majj^ly 

of silicates (asbestos, cement, etc.). 

3. Wood, treated and untreated. 

4. Corrugated iron, treated. 

These materials were suspended by asbestos cord from glass 
rods in the same laboratory fume chamber, with restricted 
draught, where nitric acid vapours, nitric acid reduction 
products, and steatn were produced for eight hours on successive 
days over a period of six weeks. The test was a very 
severe one. 

Of those tried, the best preservatives for wood proved to be : — 
(a) “ Solignum 11 — three coats applied with brush. • 
(/>) “Solignum” — applied by soaking in a Plot solution 
under reduced pressure. 

(c) “Duroprcne” — two, three, and four coats applied by 
brush. * * 

(<t) “ Solignum ” — one coat. “ Duroprcne ” — two coats. 

“ Solignum ” is a creosote oil preparation. 

“ Duroprcne” is*a rubber-like varnish manufactured by the 
United Alkali Company, and sold by A. 1 T. Davis, Limited, 
Maguire S t reft Ya kit Mills, Liverpool. 

To rainproof the roof a coating of an asphaltic material 
of'the ruberoid type is very satisfactory, as it turns water and 
stands up^vcll to acid atmospheric conditions. 

Ventilation. — The sides of the building arc best boarded, 
and ample provision for free passage of air should be made by 
having 'targe permanent openings, except on the side receiving 
the full force of tfoe prevailing wind where simple sliding doors 
might bftUsed. % % 

* It is essential that there should bo free movement of air 
through the building to assist condensation, but it is disastrous 
for*p^Jery ware under* working conditions to be subjected 
to eol 3 Blasts of air. 

* • 

• General Plant Lay-out.* 

T\e simple 'diagrammatic representation of nitric acid 
plant ih Fig.*57*ser.vf»to indicate the general lib ofi^jpective 




-General Lay-out at H.M. Factory, Gretna (Early type). 
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PLANT L^Y-OUT 

parts, and shows Where platforms are fequifed. Platform A 
has to serve for the support of i contained ifor the charge of 
sulphuric add and to be tlie main promenade platform for 
genehl^superintendence of the plant. Along the same platform 
# is brought the charge of nitrate of #soda for the retort. It 
is well to provide a hard-wearing material for this platform, 
such as steel chequer plate or hard surface bricks. It is best to 
have the platform clear of ail encumbrances. 



Platform B may be a light wooden gangway as it it; only 
for th^ purpose of getting from A to C. • 

PlatTorm C Tias to carry the condenser and the fume main, 
and must be proportioned according # to the weight it has • 
to bear. It should provide reasonable accommodation for free 
access to all parts of the condenser. 1^ may be of wood^f of 
reinforced concrete with acid-proof brick surface. 

Platform D serves to carry the# arid delivtr^ main and 
cooler. It is neoessary to use this platform for inspection 
of the btfttom part of the condenser, and «for the purpose* of 
sampling tj^iA agd and taking specific gravities. Woocf or 

’ G 
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reinforced concrete wi|h acky proof brick surface may be used 
for this platform. I* 

The floor of the whole building should be of acid-proof brick 
or acid-proof tflc slabs laid on concrete, and should good 
slopes to drains. • 

Water Service. * 

Convenient *water service should be provided at many 
suitable points through the building, # and tubs containing water 
should be available for use in cases of acid burns. 

Drains. 

• 

The drains should be open half-pipe or acid-proof brick 
or tile channels, and where necessary should be covered with 
wood battens. To have open drains is advantageous, as they 
are then always easy of access and the effluent is readily 
inspected. Systematic tests for acidity serve to check loss of 
acid. 

• • 

Arsorition System. 

The Gases. 

The fume passing forward from the nitric acid condenser 
consists chiefly of nitric acid vapour, water vapour, nitric oxide, 
nitrogen peroxide* nit rosy 1 chloride, and chlorine, the latter two 
being present mainly during the first working of the charge 
and being due to the presence of chloride in the nitre. Most of 
the nitric acid vapour condenses in the fume main, but no 
degree of condensation will produce nitric acid from the 
remaining nitrogen containing gases. Alternate oxidation and* 
water ‘absorption arc necessary for the conversion of these 
gases into nitric acid. , c 

* Reactions involved in Absorption. 

*' different views are held as to the reactions which take place 
in tlt&tonversion of nitrogen peroxide by water and oxygen of 
the air into nitric acid. 1 

According to Burdick and ‘Freed, 2 the .process consists of 

4 F.. K. RideaJf /. IhJ. Eng. Client 1920, 12, 531 -8. 

- Q L. lkirdiok and E. S. Freed, /. Amer. Chan. .SVv., i.^i, 48 , 518. 
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two important reactiops. In the first jDlace nitrogen peroxide 
reacts readily with water to^ive nitric acid a*nd nitric oxide. • 

\ (i) 3NO, + H ,0 ^ 2IINO3 + Np. 

The proportion of NO, converted is promoted by increase in 
concentration of the NO, but hindered by increase in concen- 
tration of NO, increase in concentration of HNO a , and rise in 
temperature. , 

In the second place nitric oxide is oxidised, by the oxygen 
of air supplied, to nitrogen peroxide which then undergoes a 
similar cycle of reactions. 

(2) 2NO + O, - 2NO., 

It is seen that the two molecules of NO, produced in reaction 
( 2 ) result from the introduction originally of six molecules of 
hfO, to the <^clc, and in each successive cycle one-third of the 
original NO., becomes reconverted through.NO into NO, again. 

Absorption Towers. 

The absorption process is conveniently carried out in 
earthenware pipe towers packed with distributing material such 
a quartz or special acid-resisting tile ware packings, and down 
which is circulated a supply of water which becomes converted 
into nitric acid. The liquid is conveniently^ circulated by 
means of an air lift which also serves to introduce the necessary 
air for oxidation purposes. The gases from the nitric acid 
condenser are passed through the absorption tower from bottom 
to top, and so to the stack provided for exhaustion to 
atmosphere. Occasionally such towers are made of acid- 
resisting irons. As in the reactions involved in the absorption 
process considerable heat is developed, and as absorption of 
N0 2 % effected more readily in the cold, it is desirable to 
keep the apparatus cool. Acid-resisting "iron* towers should, 
be more lasting and more efficient thftn the stoneware ones, 
which, though very serviceable, are liable to crack. The # great 
weight of iron towers is disadvantageous. 

For cooling purposes it is advisable to have; the absorption 
system open to the air. • 1 , 

The typical absorption tower consists of a saucer in which 
rests the first section of the tower^ having a ’junction piece 
available, £/r connection to the fume rrm4> and an opening 




earthenware plate, perforated with a large number of i-in. holes, 
is ptaced across the tower on a projection provided, to serve as 
support for the packing the next higher sectiorfc^.The top 



101 


THE Aljt UFT 

Plate may be a special liquid distributing pbfte. Above the lid 
a suitable distributing vessel (the “beehflte”) provided with 
bib cocks, Serves to receive the circulating liquid and to pass 
it aitfnjo the tower, to a preceding or follbw.ng one in a 
scries, or to some other place as requited. The sections of the 
tower are jointed with asbestos rope and soft putty, with a 
facing of Portland cement painted with tar. . 

The run-off tap from the saucer supplies an earthenware 
receiver, which is provided to ensure a constant supply of 
absorbing liquid to the circulating air lift. • 



I’n; e,j. — IM.ui of Abw.n.tn.11 Tower System. To show for 

Of the dilute nitric acid elevated by the l'ohle lifts to the heeluve distobutn.g 

bottlei. 


The Air Lift. 

The principle of the air lift is the balancing of a column of 
an air-liquid mixture against a smaller column of liquid, with 
the result that successive plugs of liquid arc raised in a pipe 
by the admission of a supply of air in Ac* form of bubbles at. 

the base. , _, * , , . 

One type of air lift is shown in Fig. 60. The absorbiag 

liquid from the receiver at the. foot of \ he absorption t>wer is 
supplied into a junction piece of a 4-in. popery ware [flpe 
column which forms the well. .Passing-centrally flown the well 
is a li-io. pottery ware pipe column ending at. the bottom of 
the well in a fluted pipe. This i> -in. column extends upwards 
out of the arell tb some distance aboae the 4 ljd of the absorption 
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» , 

tower and finishes'in an. earthenware rcceivirfg-pot which serves 
as an air release (tap. Passing into the well at the top, and 
running downwards alongside the i i -in. column, is*a [pin. glass 
tube turned up about 3 in. at the bottom of the well pn&Zr the 
fluted base pipe of the iJ,-in. column. This glass tube is % 



connected at the tup to a supply of .compressed air at a 
pressifje-of 10 to 15 16 . per square inch. 

v Fig. 61 illustrates a pottery Pohle lift well, moulded in 

one piece with air duct * included. It was made for H.M. 
Factory, * \\x adley, by Messrs Kitson & Sbns, Denby Dale, 
nea^Huddersfteld, had proved very satisfactory, 

With 3 supply of gbsotying liquid in the well aftH^mission 
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of compressed air kt the bottom, the 
liquid is lifted up the U-in. column, 2 
and delivefjd in successive jerky 
discharges into the air release bottle 
# and thence back to the tower, or as • 
required. 

The “ submergence ” of the air lift, 
that is the ratio of the depth of the 
liquid in the well to the total lift 
desired, varies with a number of 
factors, but for lifts up to 100 ft. is 
usually about *6o per cent. Rather 
than have the wells of the air lifts in 
pits, it is advisable to build the absorp- 
tion towers «t a suitable elevation 

in working the absorption tower 
a sufficiency of water is admitted at 
the.top, and this is circulated round 
the tower by the air lift. With 
uncondensed gases from the con- 
denser system passing up through the 
to \ or, absorption, decomposition, and 
oxidation take place as previously 
indicated and the circulating liquid 
becomes dilute nitric acid. Effective 
absorption continues until acid of 
about 60 per cent. UNO., is obtained. 

Acid of a much higher concen- 
tration cannot be obtained *by this 
process, and at this stage the acid 
is ru% off to.a suitable receiver and 
the absorption cycle is continued 
with fresh water. WitVf a series of • 
absorption towers at work, suitable 
adjustment of water-feed to tl^c tower • 
nearest the exit and of acid run-off 
from the tower first in th<j series . 
allows a continuous stream of 60 
per cent nitric acid to flow from the 
absorption system to storage. $ 


( air inl£t tuaned 

• JMTO GLASS TUQ£ 

fa,—’ VoWcrj tot 

• * Poll le Lift. 
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* • « 

Jpovrer Packing Materials. 

* The reactions carried on in 1 the absorption- tower are 
somewhat complicated, and it is very important to reajjse the 
necessity for time for these to take place. Where the reactions 
are in the liquid phase the time factor is a large one^because* 
of recirculation of the liquid. The chief gas reaction is 
2NO*f 0 2 = 2NO.„ and in preventing loss of absorbable nitrogen, 
facilities for this reaction must be provided. The time available 
for this oxidation is dependent chiefly on the velocity of the 
gases through the tower. If the tower, therefore, is closely 
packed, a good scrubbing surface which facilitates absorption 
of NO a is provided, but the reaction time for oxidation of N0 2 
is diminished as the gases have to travel more quickly. The 
absorption of NO., is practically immediate, whereas the 
oxidation of NO is relatively much slower. It is necessary, 
therefore, that the packing of the tower shall be so adjusted 
that the best results are obtainable. From what has been said 
above, the tendency will be to provide the maximum free space 
consistent with adequate wetting surface. 

In addition to the points already noted there is the question 
of resistance to ges flow to be considerecj. This resistance 
increases rapidly with decrease in size of material, and the 
provision of ade^u^te wetted surface might result in destruction 
of proper conditions of draught. 

♦ In nitric acid work, coke packed towers are inadmissible 
owing to the reducing action of coke on the acid and consequent 
loss of nitrogen. 

;i Quartz is unacted upon by nitrjc acid, and is largely used as 
a tower,packing. It is often used in a number of graded sizes 
from 6-in. material at the bottom to i in. or less at the top. 
The quaVtz used for nitric acid absorption towers should be 
hand picked and as free^as possible from non-siliceous matter, 
as disintegration of foreign material? during working may 
sefiousjy impair the efficiency of the tower, and lead eventually 
to serh^hs choking. By the use of quartz a high percentage of 
free surface qjafy be presented to the gases by using small 
material, 'but resistance to gas How is then serious and the 
percentage of fyee space is relatively small. Zeisbergf 1 shows 

t 

• 1 Chttti and Wet Eng. y 1919, 21, 765. * \ , 
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that for a given size of packing quartz is nof as good a towe^ 
packing as specially prepare^ regular packing!. 

Special to^er packings made of acid-resisting brick and tile 
ware are made in a large variety of shapes, *for which the 
jnakers claim certain advantages. A* few types of packing 
materials are shown in Fig. 62. The author has found the 
partition ring packing of the Accrington Xile and Brick 
Company very satisfactory.* 


Tower Capacity. • 

As some indication of the necessary tower capacities for 
efficient absorpfion the following figures, which have come 
within the author’s experience, are quoted : — 


Composition of inlet gases 


| Tom | >er.it urc of inlet ga^cs 
Reaction tune . 

‘ Tower free space 


! 


' Area of wetted surface 


Eflfu icncy of absorption 


NO* - 33*o per cent. ; 
0 2 (necessary oxygen 
supplied by air of 
Pohle lifts) - nil. 

35° to 45° C. 

260 seconds 

1 lb. NO a per minute 
per 100 cubic feet free 
space 

1 lb. NOj per minute 
per 6000 square feet 
of wetted surfate 


97 per cent. 


NO.j - 15*0 per cent. ; 
0 2 •= 8-o jrer cent. 


45 ° C. 

120 to 140 seconds 
i lb. NO* per minute 
4>cr 120 cubic feet free 
space 

1 ik NOg j>er minute 
per 5000 square feet 
•of welted surface 


91 per cent. 

~9 


The question of tower capacity is carefully considered by 
1 A. Hall, A. Jaques, and M. fc. Leslie 1 in a recent paper on 
Nitric Acid Absorption Towers, • 

* • # • # 

Concentration of Acid Produced.. 

It is desirable to produce as concentrated a nitrid acid as 
possible, but the concentration is limited in normal pr^tice* 
to about 60 per cent. HN0 3 , owing to the retarding effect of 
NO on the reaction of absorption. • 

3 N0., + H 2 0 ^2 HNO s + NO. • 

According to Burdick and Freed (Joe. cit.)J with dilute nitric 
• 1 y. SSe. Chem . Ind. ( Truns.\ 1922, 4^385-293. 



106 


MANUFACTURE FROM CHIU SALTPETRE 


acid absorption V)f N 0 2 progresses substantially to completion, 
{ whereas with concentrated acid the presence of even a small 
proportion of NO completely inhibits the pjSgress of the 
reaction. In fhis case, absorption can only proceed, as the NO 
is oxidised by excess eff oxygen present in the gases. * 


Effect of Chlorine j>n Absorption. 

In an interesting report on “The Effect of Chlorine on 
Absorption b)4 Water of Nitrous Gases diluted with Air” 
(Technical and Research Report II., H.M. Factory, Oldbury, 
Site A, dated 30th October 1916)/ II. W. Webb gives 
evidence of a much more marked increase of UNO., content in 
one tower of a series in an absorption system than in the other 
towers of the same series. In investigating tljis matter* he * 
found that the acic^ solution obtained in the same tower showed 
a correspondingly marked decrease in HC 1 content. The 
results of one set of observations are shown graphicajly in 
b ig. 63, where it is seen that increases in IIN0 3 content 
correspond closely with decreases in IIC 1 content. 

On the basis of his experimental investigation of the 
conditions in ah absorption system fo$ gases leaving the 
condensing system of a house of nitric acid retorts, Webb puts 
forward a thtory of oxidation of nitrous gases through the 
intermediary of hypochlorous acid resulting from solution of 
•chlorine in water. J. A. Hall, A. Jaques, and M. S. Leslie 2 
consider that chlorine may both help and hinder the absorp- 
tion of N ()., under different conditions of acid and gas 
concentrations. • • 

Fttr further particulars in the study of absorption of oxides 
of nitrogen in^vater, the reader is referred to pp. # 256, and to 
Vol. VII. of tfyis \\40rk, The Fixation of Atmospheric Nitrogen. 

. 

• * Finn; Exhausting System. 

• In order to handle the uncondensed fumes from the nitric 
acid condenser satisfactorily, it is necessary to provide some 
means of exhausting them through the absorption system. 

• 1 J. Soc. Chem+lnd. ( Trans.), 1921, 40 , 162-164. 

* J /• Ehetn.iJtni. (Trans.), 1922, 41 , 2^5-293. • 
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keeping acid fumes from the pump, complete absorption must 
be effected before the gases reach it. , 

• • • 

• Fans. • 

In processes other than the Valentiner/exhaustiori of,tm- 
condensqi fumeds effected by a vagety .methods. Direct 
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exhaustion through an earthenware fan 6ither before or after 
the absorption System proved satisfactory so long as the fan 
remained good. Owing to the uncertainty of ^bch fans they 
are now littld used. Similar fans of acid-resistipg irons are 
now available and prOve quite satisfactory in use. 

Ejectora 

Much use has been made of* the ejector principle in ex- 
hausting nitric acid fumes, and with complete success. Three 
methods are ii^use: (i) Ejection by compressed air, (2) by steam, 
and (3) by air at high velocity delivered from a fan. Using 
the ejector principle a much better result 
is obtained by having a well-designed 
ejector rather than a simple jet in a 
parallel fume pipe. Such,* ejectors can * 
now be obtained either in chemical 
pottery ware or in acid-resisting irons. 
Fig. 64 illustrates a Narki ejector for 
use with steam or compressed air, 
while Fig. 65 illustrates the Campbell 
pottery ware ejector, as introduced by 
J. Campbell at Gretna for use with a 
blower fan. The Campbell ejector, which 
is very successful, is supplied by the 

Fig. 64. — "Narki" Me.,1 , ? avitlson Engineering Company, Belfast. 

* F.jector. Compared with fans, all ejectors are 

wasteful of power. 

In working a charge of nitrate of soda, it is convenient 
to have a slight suction through the fume main to the retort, 
and to achieve this, attention is well directed to the means 
provided for Kune exhaustion. # 

* * 

CONVEYANCE OK NlTRE *TO T1IE RETORT. 

% 

Some mechanical contrivance is advisable to assist in trans- 
ference of nitrate of soda from .the store to the retort. 

» Ideally th f e nitre store would be on the same level as the 
charging platform of'tFe retort, but this is only rarely met 
with. In such a case the conveyance from store t*o retort is 
easily accomplished. If the nitre has to be conveyed and 
elevated it is ofteyjearnod in the bags in whifch it was shipped, 




9 
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first being wheeled on hand trucks and then* lifted by an 
arrangement of M pulleys. If, however, it has been stored in 
bulk, it can be carried in sheet iron tubs or trolleys and lifted 
as before. • 

Where the nitre is dried, suitable arrangements for con- 
veyance to and from the drier have to be made. • 

The problem of conveyance for large installations is 
relatively simpler, as it then pays to have bogies on rails or 
elevated runways in conjunction with hoists or some form of 
purely mechanical conveyer. In an article on Large-Scale 
Sulphuric Acid Manufacture , 1 the following description is 
given of a feeding system for nitric acid retorts : “ Each retort 
is supplied with nitre by an automatic feed device motor driven, 
and geared to a lead wheel provided with lead cups burned to 
its circumference, revolving in a small tank of scid in unison • 
with the revolutions of the worm which feeds the nitre, so that 
automatically, as the nitre is fed, the correct proportion of 
sulphuric acid is poured into the pot.” . 

Weighing. 

In any case it is necessary to supply the nitre to the retorts 
in weighed or measured lots as desired for Jhe charge. Keeping 
in mind the fact that nitre bags after shaking retain i to 2 lb. of 
nitrate, it i.<?s#en»that by weighing in the bags an allowance for 
this is necessary in calculating the charge. 

Charging. 

A sftect iron funnel-shaped chute is useful in charging the 
retort with nitre. 

• • 

Dkuvkry ok Sulphuric Acid. . 

% • 

• . „ . • 

. Storage. 

It is advisable to have an elevafed storage tank outside the 
.retorts building for holding sulphuric acid, so that it can be run 
by gravity to the retort. 

• 

. • . Measuring. 

* • • 

Forv'ach retort a lcad-lined’wood, lead, ov steel vessel should 
be^provided pt a slight elevation above the charging platform 
• 1 an if Met . /?«*■., 1918, 19 , 405. # 



DELIVERY OF SULPHURIC ACID 


111 


and of sufficient capacity to hold the acid for oije charge. This 
vessel should be accurately calibrated, so that^he acid content 
to a certain mark is known Tvhen the density of the acid is 
known. The *dip may be observed by an internally fixed 
lead scale, a suspended pointer, an external gauge glass, or 
any other, suitable device. If a gauge glass is used it should 
be of ample diameter to avoid choking, and the connecting 
elbow should be fitted with, a full bore cock which can be 
closed in the event of the glass being broken. The question of 
measurement of the acid charge should be wijl and clearly 
worked out, so that the operatives may have no difficulty in 
providing the correct amount. A gravity supply to the sulphuric 
acid charge tank is thus to be preferred to either pump or egg 
delivery, as the control is so much easier. 

Since too J^ig charges of sulphuric acid result in unnecessary 
loss, and too little charges give thick nitrq cakes which will 
not flow from the retorts, it is seen that careful attention is 
necessary to ensure the proper charge of acid being supplied. 
At some works each charge of sulphuric acid is weighed 
before delivery to the charging tank, and this is an eminently 
satisfactory method In other cases special devices such as 
floats are provided within the charging tank, sfl that by simple 
adjustment of the height of the float by a suitable lever 
working over a graduated scale, excess of racier beyond that 
necessary for the correct charge is caused to overflow through 
a pipe to a suitable receiver. 

Charging. 

„ A pipe connection should, lead from the bottom of the 
charge tank through a valve to the top of the retort, where it 
may b<f # permanently connected through a lutcfl pipe to, the 
retort, or where a movable supply pipe cap bq provided to 
convey the acid through Hie lid of thc^ retort when^desired. 
The permanent connection is advisable, and in making it^ 
provision for cleaning should be allowed for by using $omc 
such arrangement as shown. This supply pipe is preferably 
led under the charging platform so as not to be in the way. 

It is advisable *to run in the acid charge as rajjidly as 
possible because if at any time intensive working is in progress 
and a hot retort has to be charged, tjie addition of a dribble 
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of sulphuric acij results in decomposition of t/iev nitrate com- 
mencing during 4 ^he addition, and difficulty, especially if the 



• ^ ,( ” ^7* -Suppljmg Sulphuiic Acul to Retort (permanent connection). 

« 

• # • 


charging is not by a permanent connection, is experienced in 
completing t^e charge. The supply pipe should therefore be 
of ample diameter ■ • , ( 

•I * * 
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• Methods of Firing Retor$. 

Naturally, any source of*heat which will bring about the 
required reaction between nitrate of soda and sulphuric acid, 
may be used for firing the retorts. Coal, coke, gas, and oil fires 
Rre commonly employed for the purpose. The distillation 
process requires very careful firing, and it is essential to have 
handy control of the fire. # This is not a difficult matter 
whatever the fuel, but for simplicity and convenience, gas or 
oil may be considered superior to coal or coke. ^ 

With a coke fire a very evenly balanced heat supply may 
be given without any flame coming in contact with the bottom 
of the retort. The view is widely held that such heating 
conditions are ideal for nitric retort work, but as experience in 
ga* heating is gained, it is seen that such a claim does not 
hold. Much Vis been said against the danger of gas flames 
impinging on the metal of the retort, and in many rases of 
gas firing special flame-breaking devices of chequered brick- 
work have been introduced into the combustion chamber. It 
remains to be investigated whether under parallel conditions 
of working one type of fuel or fire can be claimed certainly 
disadvantageous. • 

Methods of IIwdlino Nil kk 0*ki?. 

Pans. 

The nitre cake which is run molten from the retort at a 
temperature of approx. 200 C. is usually conveyed by suitably 
supported iron or steel pipes g>r troughs to 
shallow cast-iron pans elevated slightly f^\\* 

from tbe # floof, in order to allow air currents • 0 

to pass underneath for cooling purposes. , 

The pans have their sides sloping inwards, 
and dividing ribs across the bottom sub- 
divide them into a number of compartments. 

The pan is designed to give sol'd nitre cake Fig. 68. 
which will break up and leave the pan cpn- 9 • 
veniently. A further assistance to removing the cake*may be 
provided By having a stirrup-shaped piece ’of steel restingpin 
each compartment of the pan. Thisjgivt* ^n excellent, grip 

** H 




114 MANUFACTURE FROM CHILI SALTPETRE 
« « 

for crowbar work When the nitre cake has solidified it may 
be broken up wiM sledge hammers and crowbars, and shovelled 
and handled out of the pans into barrows or trucks for disposal. 

The disposal of nitre cake has always been a matter of 
concern. It may be* dumped as waste material, utilised in 
some way on the works, or transported. The uses to which 
nitre cake mfiy be put are considered in another place 
(p. 200). « 

The above outlined method for dealing with nitre cake 
is a heavy nrsty job and requires much labour. Workers 
who handle the material should be well shod and clothed, and 
should have a liberal supply of pieces of sacking for use in 
handling. 

The more conveniently arranged the provision for disposal 
is, the less will be the labour requirement apd the more l 
satisfactorily will *he nitre cake be dealt with. 

Danger . — Molten nitre cake is a very dangerous material, 
and workers should be specially warned of its character. t 

Trucks. 

Sometimes it may be found convenient to collect the nitre 
cake in block form, and bogie trucks on rails may be made 
use of to receive it from the retorts. The truck should be 
cleaned before use and painted inside with a slurry of clay, 
or rubbed with grease or graphite in order that the block 
of nitre cake may be readily removed. Cooling in trucks is 
not nearly as rapid as in pans, and the blocks of nitre cake 
are not readily handled except by a crane. Before the nitre 
cake solidifies a hoop of iron ft fixed in the molten mass td 
serve as a grip for removal of the cake when cold. 

Powdering. 

1 * 

A very finely powdered nitre cake can be produced by 
stirrihg'the molten cake mechanically all the time it is cooling 
i« pans of the mortar mill type provided with rabbling arms 
instead of ’■grinding **olls. Naturally this requires a lot of 
power, tut the cooling period is much Shortened. During 
the, solidification "there is considerable evolution of steam 
and *acid vapours, and the fine flour-like powder produced 
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gets widely* distributed in the immediate^ neighbourhood. 
Special precautions are thus necessary to prevent undue 
destruction of plant and buildings by corrosion. 

The product in this case is easily handled add transported. 

Granulating. 

A nice granular form of nitre cake is produced very simply 
by allowing the molten cake from the retort to flow from a 
chute in a thin stream, when, before reaching the floor, it is 
caught by a blast of compressed air from a hwiznntal slit in 
the supply pipe and blown into a shed provided for the 
purpose. The uitre cake is immediately solidified and falls 
to the floor of the shed in a fine sand-like powder. Solidified 
in this fashion the nitre cake is much less deliquescent than 



usual, and is comfortably handled without getting sticky. 
This method of granulation was introduced at H.M. Factory, 
Gretna, by R. 1\ YVhitelaw. 


Dissolving. 

Where deliberate waste of«nitre cake is contemplated, and 
where conditions allow, the molten nitre cake may be ruff into 
a good%tream of water and the solution run away to, waste. 
This method is only possible in isolated instances where an 
outlet is available. • • . 

Plant Operation* 

• 

In what has already been written the various j>arts of thfe 
plant and some details of operation h5ve been considered. It 
is now intended to give a general outline of the actual process 
of manufacture of nitric acid, to be followed b/ descriptions 
of working conditions on various plant*. 
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General Outline. 


Before commencing the process of distillation it is essential 
to make a careful examination of the plant to <$ee that all is 
in order. Nothing should be left to chance, since' nitric acid 
a „ and its decomposition ^products* 

are nasty substances to handle, 
and it is as well to be assured 
/ X. that they shall remain within 

/ * ♦ / the P ar ti cu l ar pipes and tanks 

C~ \ / y'X. provided for them. Neglect 

\ of this examination may mean 

* loss °f material, destruction of 

[ J ^ plant and buildings, or even loss 

] [ of life. 

, Guides to Control. — As 

guides to the control of the 
y, distillation, it is advisable to 

., .... , ... have a thermometer and a water 

rin. 70.— I heiniorndcr .mil Manometer 

in Kctoit Uptake. manometer in the fume pipe 

leading from the retort. The 
manometer shoiftd be of reasonably large diameter glass tubing 
to avoid accidental plugging of the bore. These instruments 
arc plugged ibto holes in the pipe by use of asbestos cord 



* Fig. 7 i a. * Fig. 71 rv. 


and asbestos silicate "cement. They need careful attention to 
ensure non-leaking joints. 

Nitre G&ke Outlet — In commencing the distillation process 
one of the first points to attend to is the plugging of the 
ntVe cake outlet of the retort. Assuming that the retort is 
empty, a ball of o ji!ioistr clay is inserted in *the recessed 0 end 
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of the nitre? cake butlet pipe and rammecjfin with a stick. 
An iron plug is then put imposition and clamped against the 
outlet to prevgnt the clay from coming out. 

Nitre.— The weighed charge of nitre is ifow introduced 
^nto the retort and then the man fid is put on, a thick- 
slurry of clay being used to bed the lid, with a layer of 
Portland cement as a final luting. 

Exhaust.— The exhaust* system may now be started, and 
also the liquid circulation in the absorption system. 

Sulphuric Acid. — If the retort is provided wfth a permanent 
connection for the sulphuric acid charge, the man lid may be 
solid. If not, & small central hole is conveniently provided 
for the admission of the movable pipe used for carrying the 
acjd. This hole is plugged with a cast-iron plug luted in 
• with clay aiKl cement. 

Before admitting acid to the retort a check is made of the 
quantity available in the charge tank, and then the required 
weight of acid is run into the retort and the valve controlling 
supply is closed. 

An examination of the various manometers on the fume 
line vill now indicate if all is in readiness for the distillation. 

If so, a fire is lighted and well stoked "until distillation 
begins. Water is now distributed over the condensers. 

The Distillation. — As soon as the retort, is warm, a few 
brown fumes appear in the condenser tubes, but distillation 
docs not commence until the mass in the retort has reached 
a temperature of ioo to ncfC. The length of .time for 
this stage to be reached varies with the temperature of the 
pot on charging and the intensity of firing. When distillation 
commences, the temperature in the uptake rises very rapidly 
to 9 o°-tio C. the change from warm to hot being easily 
detected by the hand. • . 

. The manometer also gives indication of distillation, the * 
slight suction due to the exhaust system being converted into 
a pressure more or less pronounced. * ’ , 

The condensers show signs of steaming when distillati&n 
commences and condensed acid.is sooh observed. 9 

The fife should be kept brisk in order to keep the* distilla- 
tion going, and the uptake temperature will rfce stead $ to 
H5*-i25. C. When indications are gi^-of a much'more 



118 


MANUFACTURE FROM CHILI SALTPETRE 


rapid evolution vapours, after the distinction has progressed 
for about one and a half to two and a half hours (a time 
learned by experience), great care must be taken, to reduce the 
fire and pay particular attention to the firing. 

The temperature if) the uptake may now be about 115^ 
to 125 C, and a relatively quicker rise may be noted without 
increase of fir,e. The manometer gives signs of increased 
pressure. At the same time the atmosphere in the condenser 
system clears considerably, and very rapid condensation is 
effected. * 

Till'. “ Rf. action." — The distillation is said to be at the 
“Reaction" stage. Inattention to the firing in the initial 
stages of the “Reaction” leads to unsatisfactory results. If 
the signs of “ Reaction ” are imagined when not existent, qnd 
the fire is lowered too soon, the true “Reaction” is not * 
properly developed and a long-drawn out distillation results. 

If, however, the true signs of “Reaction” are neglected and 
firing is continued, the evolution of vapours may become very 
violent, leading to boiling over of the contents of the pot, to 
uplifting of the lid, or to breakage in the condensing system. 
Such an uncontrollable “Reaction” is known as a “Blow.” 
Violent distillations should certainly be avoided. 

The “ Reaction ” period of the distillation is very important, 
and to have \i 'good “ Reaction ” generally means a good 
distillation in all respects. The coal consumption will be low, 
the time of distillation slioit, and the proportion of strong acid 
to weak v acid will be high. 

Using the manometer largely as a guide, a steady, rapid 
evolution of vapours must be kept up — the fire being tended 
carefuMy to that end. 

A s # the “Reaction” becomes less active, tlje uptake tem- 
perature gradually falls, the manometer pressure also falls, 
and thegate of distilhtion, as notch in a glass or transparent 
^silica pipe leading from the condenser, falls off. 

7*110 fire must now be rejighted or stoked up and an 
increased ratp of distillation, though not so free as before, 
may be e file ted. Th«c Vempefature in the uptake may now 
rise to about 140 1 C, and at this stage it ’will be found that 
thft«tem'peratare will tend to fall even with a high fire. This 
indicates the com^l^tion of distillation. * • ' 
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The Condensed 'Acid. — A little dilute ac^cj condenses in the 
initial stage of the distillation, but with the true distillation 
in progress the condensate soon increases in strength to the 
neighbourhood of 98 per cent. HN0 3 , after whi<?h the strength 
t only slowly decreases throughout the* whole of the unforced 
distillation period. With the commencement of the increased 
firing period, the strength of the distillate decreases at a rather 
quicker rate, and during thfe last stages of the distillation the 
strength falls off rapidly. This is seen by reference to Fig. 72, 


%HH0y 



FlC. 7*- — Strength of Acid Condensed. 

• 

which is taken from a report (undated) on “ Experiments per- 
formed on the Gun Cotton Retorts" at II.M. Factory, Queen’s 
Ferry, # by N..V- S. Knibbs. * 

Eig«V3> from the report on “Standardisation of Reports, 
Silica Coils,” by the same author, shows haw the quantity of 
acid made varies during t*he progress iff a distillation, being 
greatest at the “Blow'' or “Reaction” period, after which it 
tails off gradually to the end oCthe distillation. * 

Where the condensed acid has to be collected in fractions, 
it is necessary to take samples of tht* Condensate* at jntervals 
and determine its density, and from this gauge its approximate 
HN0 3 content It is advisable to jool down Hie sample* to 
I5°t. bafore taking its density, as the tetnperature correction 
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(0-0015 for evcr>^ T' C.) is not very reliable? When the acid is 
of the required density, suitable manipulation of run-off taps 
will serve to direct the flow of acid as desired. 

Owing to tlie effect which the presence of dissolved nitrogen 
peroxide has 011 the density of nitric acid, it is not possibly 
to determine the UNO., content by a density determination; 



* 


but inhere conditions of piactice are approximately same, 
empirical rule^may be developed and worked to for approximate 
purposes^ * * 

For Specific Clarity Tables, see Chapter VI,, pp. 325-328. 

Absorbers. — During the progress of distillation, attention 
can be paid Jo the absorption system, where the circulating 
acid liquid tan be tested for density and run off if necessary 
and fre^h water supplied, or where increased rapidity of 
circulation may b<? applied to cope with rapid evolution of 
fume* . • , 
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Tapping.#— Completion of distillation may j)e assumed when 
the density of the condensate has fallen to about 1*340 at 
15° C., when a pink coloration (due to iodine) is seen in the 
condensed ^acid, or when the uptake temperature cannot be 
jnaintained. 

Crystals of iodine often collect in the condenser at 
the end of the reaction. 

When the distillation is completed the nitre cake is run off. 
The discharge chute is first fixed in position. The iron plug is 
then removed from the outlet, and a worker, standing slightly 
at one side of the tapping hole, eases away most of the clay 
from the tappiitg hole with a steel bar. By pushing in a long 
steel rod from a distance the last of the clay is removed and the 
molten nitre cake flows out of the outlet. 

Note . — Molten nitre cake is extremely dangerous, and work- 
men should be suitably cautioned as to th« care necessary in 
dealing with it. 

With the retort quitf emptied and the run-off pipe clear of 
cake, the outlet can be replugged ready for the next charge. 

Where more than one retort is working with a common fume 
main, it is necessary to damper off the fume main leading to any 
retort not distilling in order to keep the necessary suction in the 
remainder of the main. 

The retort man lid may now be removed hnd cfeaned ready 
for the introduction of a new charge. 

Rate of Working. 

, For rapid working and tc^ keep fuel consumption low, the 
retort may be recharged at once after ensuring that a n is in 
order throughout the fume and acid systems, formally, such 
intensive working is not necessary, and taking everything into 
consideration it is not desirable. The addition of cold acid to 
a hot pot endangers its working life. Sufficient heat may be 
present to cause an immediate “ Reaction,” and this may fesult 
before the retort is securely closed. * „ 

Where batteries of retorts are worked practice*varies as to 
whether all retorts are charged and distilled together, ofwhether 
each individual retort works its own cycle Independent ofAhe 
rest* t 
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Progress of Dlstillatioh. • 

Fig. 74 shows three temperature records which serve to 
ndicate the progress of a particular distillation. Platinum 
esistance pyrometers, connected to a thread recorder, were 
ntroduccd (a) to the bottom of the retort and within the react* 
ng mixture ; ( b ) in the uptake pipe leading from tlfe retort ; 
ind (c) in the top Hue of the retort just where the waste gases 
vere led away to the chimney. 

It is seen that the temperature rise in the uptake at com- 
ncncement of distillation is very marked. The effect of putting 
)ut the fire at 1.30 p.m. — at “Reaction” time — caused a 
0. 



temporary lowering of the temperature, which, however, soon 
rose again. After a steady temperature period following the 
“ Reaction,” the pot temperature rose steadily to the comple-* 
tion of the distillation. It is interesting to note .that the pot 
temperature continued to rise after the fire was pitf out {eft p. 166). 

• • 

Use of Thermometer ahd Manometer. 

. In a report (undated) from H.M. Factory, Queen’s Ferry, 
on 'Standardisation Retorts, Silica Coils,” N. V. S. Knibbs 
grves a very^ clear account of the use of temperature and 
pressure indications in«th£ uptake from a retort, and the follow- 
ing is quoted from his report. . 

•The 'Temperature in # the Uptake. — “The thermometer in 
the uptake gives*. u5 the* first indication of when the retort 
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begins to make. 'The temperature rises ip a few minutes, 
probably 30° or 40°C.- It will be seen by consulting graph 
No. 1 (Fig. 75) that distillation commences at various tem- 
peratures varjHng, in these experiments, from *82° to I05°C. 
jlut the temperature at which nitric acid distils must be nearly 
the sam<i in all cases, so we are led to the conclusion that the 
temperature of the gases in the uptake is controlled very largely 
by the temperature of the upper parts of the retorts. Thus in 
distillation No. 1, although it had as good a fire under it as 
in Nos. 2 and 4, the curve of distillation is at>a much lower 



l’K*. 75.— Temperature of Gases in Uptake. 


temperature. This is no doubt due to the fact that the retort 
and brickwork were quite coJd to begin with and the upper 
parts of the retort would take a long time to heat up. * 

“Tljp contrast between distillations Nos. 2 aiwl 4 and 3 and 5 
is particularly strong. Nos. 2 and 4 were sorted with* a good 
fire and here the nitric acidcame over at ^ temperature well over • 
ioo° C., while in Nos. 3 f and 5, after distillation had commenced, 
a small fire was used and nitric acid distilled over for two flours 
at under ioo° C. It will be see’n from the curves that the ther- 
mometer gives no indication of the pcoxjmity of ‘A .blow, though 
the temperature drops while the blow is in progress. 4 

“ The general tendency is for the temperature to rise fairly 
rapidly ^uring the first two hours or rr^bre, then to drop suddenly 





124 


MANUFACTURE FROM CHILI SALTPETRE 


during the blowing period, subsequently rising slowly and 
steadily for the next three hours before a gradual fall, until 
near the end of the distillation when it rises rapidly. 

“The conclusion is that the thermometer in 'file uptake is of 
little use as an indication of the rate of distillation of the aci4 
or as a warning of the proximity of a blow, and this, is borne 
out by previous experience on the retorts. Its chief uses are 
to indicate the beginning of the distillation of the acid, and as 
a control on the temperature of the distilling gases, so that 
these do not 4 each too high a temperature. The aim should 
be to keep the temperature as low as is consistent with the 
proper rate of distillation, so that as little* of the acid is 
decomposed by the hot sides and top of the retort as 
possible.” 

The Pressure in the Uptake. — “ The pressure as indicated • 
on the manometcj- was under ordinary conditions negative, 
that is, there was a suction in the uptake. This varied with 
the pull on the fume main which itself varied considerably, 
according to whether there were any retorts open at the lid. 
The result was that the manometer readings, when negative, 
had little significance except to indicate that the fan was 
operating propetly, and that there was no blockage any- 
where. 

“ When the* ratort begins to make rapidly, at the blowing 
period the pull on the manometer gets less and less until a 
positive pressure is registered. The manometer gives the 
first indication of the proximity of the blow, and it is here that 
its value lies. It also indicates clearly when the blow is over 
and it is safe to light the fire, again, and this is of special* 
valuc,«as it is here that time is frequently lost. 

“ Without the manometer there is no guide to tlie vittfence of 
the blow, excerpt the way in which the fume is blown out of the 
lid and other places, \^hile with it \\*e see at once the pressure 
developed and the necessary precautioas can be taken without 
any Unnecessary cooling of the retort by opening dampers, etc., 
a proceeding which is necessary only in the case of very severe 
blows, but vv<nch is frcfliwntly followed as a matter of safety in 
the absence of an indication of the probable violence of the 
bl(*y.” • 



RECORD CARDS 


125 


Record of Retort Working? 

* 

A record of the working of a retort may be had by use of 
some such card as is here shown, which can be conveniently 
^ixed near the top of the retort 


Retort 

Retort No 

Started charging 

Finished ilurging 

Distillation < ommeiurd 


Card. 

Clmgo No. 

1) ite ■? 

lxtMtly to tap... . Date. 

Koluit rmpty 


Charged by .... Total liouis. 


Ttnic. 

Temp of S(l of 

JMoil N A 


IVinp 

SU. 

lliMiurk*. 
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« 

f 
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! 
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j 
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j 

i 

i 

!l 


The information on this card can then be posted to a sheet, 
such as is shown on next page, for permanent record of gach 
particular distillation. 
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Gements and Jointing Materials. 


1. For Retort Lids. — Glay 

joints faced with Portland 

cement. ^ 

* 

2 . Soft Putty for spigot and socket and other connections 

fn contact with nitric acid vapour 

or liquid, hot or cold. 

White asbestos flour 

40 parts. 

Blue asbestos fibre . . # 

a „ 

China clay .... 

10 „ 

Tallow 


Boiled linseed oil . 

21 „ (to lrufcc a stiff dough). 


This putty can be made in quantity and stored, and old 
putty may be reincorporated. The fibre should be well teased 
by hand and got into the nature of fluff, otherwise hard lumps 
will appear in the finished mixture. 

Mixing i? best done in a mixing machine, so that the 
ingredients shall be thoroughly incorporated. An edge runner 
mill is found a better mixer than a kneading machine. 

3. ISilicate Cement •(Hard), for all kinds of permanent, 
inflexible jointings, and to serve as a cement-like top-coating 
for joints made with soft putty. 

Coarse white asbestos powder. • 

Silicate of soda solution. S.(i. 1-250 (approx.) 

The ingredients are kneaded together to fori# ;f fairly stiff 
dough. 

As this putty soon sets hard on exposure to the air, it 
should be mixed as required. 

It is advisable to coat silicate cement joints with tar, 
especially where exposed to weather. 

4. Portland Cement, for coating well-made joints where 

soft pufty has been used — particularly scrviceabfb for outdoor 
work. * # 

5. Rust Joint, for retort lids and oth^r permanent^ iron to 
iron connections. 

Iron filings or borings, free from dirt and grease, | » 

and passed through a A- -in. mesh sieve . ) 5 , 

Sal ammoniac ... # • . • r oz. i 

Sulphur flowers .... 2 oz. 

Water .* .» Sufficient to damp. 

T?he ingredients are well mixed to -give a mass just damp to 
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the feel. This is then well tamped home by steel chisels to 
give a good firm joint. 

6 . Joints for Acid proof Brick Floors. — 

Mixed hot to give a work- 
able plastic mass whicl^ 
sets hard on cooling. 

In setting the bricks they are first warmed on a hot plate, 
dipped into the mass of fireclay aqd tar which is provided hot 
from an adjacent heating pot, and then laid with as little joint 
space as possible. Any joint space not filled in with the 
mixture has additional jointing material poured in and rubbed 
in by the use of a specially shaped iron which is heated as 
required. 

(/>) Acid-resisting Cements , for floors not subject to water: — 

(i) Nori cement. , 3 

(ii) Chanqe and Hunt cement (patent specification for 

which is given on p. 242). 

7. Packing for Earthenware Block Cocks. — These cocks 
are jointed to flanged pipes by using thin asbestos board 
washers which have been previously soaked for thirty minutes 
in boiling mineral jelly. 

8. Packing for Pump and Valve Glands. — Blue asbestos 
cord of suitable diameter which has previously been soaked for 
thirty minutjs , ; n boiling mineral jelly. 

9. Jointing Material for Sulphuric Acid Pipe Lines. — 
Asbestos millboard soaked in a strong solution of silicate of 
soda and applied wet. 

10. Patching of Cracked Earthenware. — Asbestos woven 
cloth, soaked in a strong silicate t of soda solution, is used. 

If t possible the cracked portion should be cleaned and 
washed with u solution of soda ash. A suitably sized v £iecc of 
asbesto*s cloth, soaked in silicate of soda solution, is then 
fixed over the crack.. If necessary 1 it may be bound on with 
asbestos 1 cord and finally painted ovej with silicate of soda 
"solution. 

'Note . — While the above notes on jointing materials are 
by no means 1 exhaustive^ they are based on actual experience, 
and the materials have proved successful in long usage. No 
other jointing materials were found necessary on the nitric 
acid jjlant at H.M. Factory, Gretna. * , 


(a) Anhydrous Tar . . j 

Dried Donnie red Fireclay ^ 
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Descriptions of ‘Various Nitric Aciji Plants and 
Processes kindly supplied from the Following 
Sources. 

% 

British Dyestuffs Corporation, Dalton Works 

• {per Dr. W. B Davidson). 

During the War. * 

General. — T he whole of the nitric acid was made in 
twenty i-ton vertical retorts, working under t^e Valentiner 
vacuum system, and forty horizontal retorts working under 
chimney draught only. 

Vertical Retorts. — D uring the war the Valentiner plant 
was worked two 12-hour shifts six days per week, that is 
. 24c} tons of nitrate per week. Since the armistice, however, 
they have only worked one shift per day, and # I attach herewith 
a description of our present method of working. 

A typical example of the record of the temperature given 
by a thermometer placed about 2 ft. through the top of the 
retort, when using 88 per cent, sulphuric acid, is as follows : — 


Tim'' 

'lVmp. 

1 Time 


Tomp. 

8.0 AM.. 

• 45 ° U. 

1 1.0 I'.M. . 

♦ 

. 1 50" c 

8.30 „ . 

• 5 ° » 

»- 3 ° ,1 


>48 „ 

9.0 „ . 

. 85 „ 

2.0 „ 

^ ^ A 

• 145 » 

9 30 „ • 

• no „ 

! 2.30 

% * # 

148 „ 

10.0 „ . 

. 122 „ 

i 3 0 0 


• 150 » 

p 

C-> 

0 

• *35 1, 

1 : 3 - 3 ° M • 


■ 155 

1 1*0 ft 

. 140 „ 

i 4.0 „ 


• I f >5 » 

11.30 „ . 

• 138 „ 

i 4 - 3 « » • 


• 185 „ 

12.0 NOON 

. 138 „ 

| 5.0 „ • 


. 200 „ 

P2.3O 1 \M. . 

. 145 >. 

1 



Wh(*i using 88 

per cent, sulphuric acid, 

a typic. 

il analysis 

of the nitric acicV made is as follows : — 


• ** 

Specific gravity 



0 •, 

. 1-464 


Total acidity as 

UNOj . 

• 

. 8o-8i 

> 

hno 2 

• 


0 64 


h 2 so 4 



006 


HCI . 



o-o 1 to 0 04 


Horizontal Retorts. — T fyese rdto?ts were coal-fired by 
hand, and \yere charged with 1200 lb. nitrate and worked off 
in thirteen to fourteen hours. The ^average efficiency vMs 
slightly higher thhn the Valentiner, being about 95 per cent. 
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. The acid contained more nitrous acid Than the Valentiner 
and averaged about 08 per cent. t 

The life of the retorts was only about 400 half-ton charges. 
This short life* may be flue to inferior castings/' 

CoNl>KNMN<; Systems. — Both sets of plant have earthen^ 
ware still heads and an earthenware 40-gall, jar to/rap any 
entrained sulphuric acid. The gases are then divided into 
two streams and passed througl/43 ft. of flanged 3-in. Narki 
air-cooled condensers, then through 84 ft. of 2-in. earthenware 
coils totally fthmersed in water. The two streams then unite 
and the acid which condenses is collected at this point in 
earthenware jars. 

In the horizontal retort house the gases then join from ten 
units, and pass up three towers 3 ft. by 12 ft. packed with 
broken brick, and to the chimney. In the Vabntiner plant' 
the gases pass through a 66-ft. earthenware coil 2 in. diameter, 
immersed in water, then through seven small jars, the last 
three of which being partly filled with \\\iter before commencing 
each distillation. They then pass through an earthenware 
tower 2 ft. 6 in. diameter by 6 ft. deep and bubble through a 
seal of lime water 13 in. deep. A steam-driven vacuum pump 
draws the gases from this tower and passes them to the 
chimney. 

Verticaf ftefort Plant, Method of Working 16 th 
January 1919 .— All the men and foremen start work at 8 A.M. 
They arc divided into two gangs. One gang of labourers 
starts charging the nitrate into the retorts and the other gang 
of stillmen starts preparing the retorts for working. 

CUARUINC. — The previous afternoon the four charging skips 
have 'been filled and weighed with exactly 1 ton of nitrate of 
soda, and left' standing in the nitrate stores. r fhe har^ nitrate 
has also been broken up and made easy for shovelling. This 
enables* a good start to be made in 'the morning. 

The nitrate is shovelled into a tared skip, 1 ton weighed in, 
hoisted' to the level of the retprt tops, pushed along the over- 
head runway from the stores to the vertical house, and tipped 
by hand cfown a sheot* into 4 the open retort. No. 1 retort 
(the farthest from the stores) is filled first, then Nos. 11, 2, 
l 3 ,‘ 3, etc., until the whole twenty retorts are charged. This 
operation takes onfc to ^ne and a quarter hours, 1 ’ 
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The charge-hanc) of each ten retorts turns on gently and 
lights the producer gas’und^r each retort at 8 A.M. 

While the charging is proceeding, the stillmcn and other 
process meg c?!ly and stop up the tapping offVmtlet, fill the 
three final jars with water, and clean the retoit lids. They clay 
down thc*joints as soon as the retorts are chaigcd. 

Two men and the mechanic get the pumps ready for 
starting. The pump-man fills the guard tower on the pump 
inlet with lime water, oils and warms up the pumps, and 
finally starts them. • 

As soon as a retort is charged, its lid fixed down and a 
vacuum of 4 to 5 lb. per square inch is registered on the pump 
inlet, the sulphuric acid is drawn into the retort from a CM. 
measuring tank. About 1 1 tons 90 per cent. I CSC, are run 
• in, and an exxict quantity is measured off to give a nitre cake 
of 28 to 29 per cent, free ICSO,. When the acid is run in, 
the gas burners are turned on nearly full. 

The above operations are usually completed about 9.15 A.M., 
but any delay through an acid pipe being blocked or a pump 
requiring attention throws the starting time of distillation 
later 

1 ) 1 ' iillation. — The gas is kept full on for about an 
hour until nitric acid appears in the sight glass after the 
first set of cooling coils. The temperature 1 n*the top of the 
retort is then about 120 C. The gas has now to be reduced 
and regulated to give an even flow from the cooling coils. 
If the gas is turned on too high the distillation* will be 
violent and oxides of nitrogen will be formed, which will 
cause a pressure in the rettfrt which may blow off the lid. 
The Stillman # has to regulate the gas so that tj^c maximum 
speed it obtained without blowing the joints of the. aAort. 
From 10.30 A.M. to 2 r.M. the temperature ffuctiates between 
120° and I40°C. • • 

The receiving-jars Are changed over and four carboys of* 
acid arc drawn off from the ja/s into thfe carboys at 12 nton, 
2 P.M., and 4 p . m . The strongest acid of 104° Tw. is drawfi 
off first Towards the end of the distillation the acid made is 
only 70' Tw. 

After 2 P.M. the gas is increased and the 'temperature 
brought ap to 20a 1 C., at which point Mve ’distillation ou^ht to 
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be complete; thj$ normally occurs at 4.30 to 5M\M. If the 
temperature is raised too rapidly at this period the charge is 
liable to boil over. 

When 200* ('. is reached, the gas is turn^l out and the 
retort left to stand for half an hour, so that the pump can dra\^ 
off the acid fumes from the system. • 

When the pump is stopped and the nitre cake run into the 
cast-iron pans, the retorts arc faked out and the run-off 
holes are cleaned ready for next morning. Meanwhile the 
rest of the acW made (about three carboys per still) has been 
drawn off from the jars into carboys. 

The nitre cake is left to cool and set all night. It is broken 
up and loaded into wagons by the charging gang after they 
have finished charging the retorts next day. 

The total period of distillation from the time *‘f running in * 
the sulphuric aci(K to tapping off the nitre cake is normally 
eight hours. This, together with charging (one hour), running 
in sulphuric acid (quaiter of an hour), and tapping off the nitre 
cake and finishing (three-quarters of an hour), makes the 
operation complete in ten working hours; but any delays such 
as those due to leaking pottery or condensing pipes, pump 
trouble, or a boll over prolong the time. Also any stoppage 
of the continuity of the process caused by the stillmen 
leaving the -pkhit* for a fixed dinner hour, causes a prolonged 
period of distillation. 

The acid is run into carboys and handed over to the 
mixing-plant staff to weigh, test, blend, blow clean if required. 

It is then stoppered and loaded or mixed with sulphuric acid 
for mixed acid. * * 

V hCU ». — About fifteen carboys of nitric acid are produced 
per <etort. t he total weight is about 2000 11^ of an^average 
strength of <jj Tsv. when using 162 Tw. sulphuric acid. This 
equals ^bout 1550 lb 100 per cent, nitric acid. The average 
.efficiency for the period 1st August to* 31st October 1918 was 
94 , £~P ef cent, of iocuper cent. t nitric acid produced from the 
weight of nitrate charged. 

About 1*15 tons ofmitre cake are produced per retort. The 
average ratio of the weight of 100 per cent, sulphuric acid 
used to the actual weight of nitrate charged for the period 
1st August to 31st October 1918 was 0933 : f. * ' 
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The average lifa of retorts fired by prqpucer-gas is I ioo 
one-ton charges. * # 

Mr W. 0. TOikefleld, Chemical Manufacturer, Dewsbury. 

# It was difficult in the early days of the war to secure 
orthodox plant for this work, and 1 therefore decided to use 
such materials as I could conveniently procure /or the erection 
of plant capable of decomposing about 120 tons of nitrate 
of soda per week. 

The stills are ordinary decomposing pans su?h as are used 
in the saltcake process. They arc 10 ft. 6 in. in diameter and 
2 ft. 6 in. deep.* They were supplied by the Widnes Foundry 
Co., Ltd., and have done very good work. Already they have 
decomposed about 1300 tons of nitrate of soda each, and are 
• still in good* condition. They were set in in the ordinary way 
and covered by a brickwork dome set in ground mortar, with a 
little cement added (see Fig. 70 , p. 134). 

In the first instance. the condensing plant was composed of 
1 2-in. earthenware drain pipes built in columns 9 ft. high, 
each column standing on a stone base 20 in. square. The 
stores were hollowed and fitted with a glass .vyphon to deliver 
the acid into the carboys. There were sixteen columns in 
each battery of pipes, and following these were two wash-out 
jars of 50-gall, capacity fitted with perforated dip pipes. The 
plant was draughted by an earthenware steam-jet worked at 
50 lb. pressure. The residual gases which contained very 
little nitric acid were delivered to the chimney flu*?. The 
condensed water from the jets was caught (on its way to 
the flue) in a bath and useuHo charge the wash-out jars. 

Thc^ process was worked as follows: After ^charging the 
end wa^h-out j^r with water, and first one with weak acyl.about 
15" Tw. (which had during the previous chafge served for the 
end jar), a charge of 18 cwt. nitrate of toda was thrown into 
the still and evenly levelled down. # • 

The charging door was pyt on and pointed round with 
mortar, and the requisite quantity of sulphuric. acid run oft. 
During the charging the fire w*v> always*kept verylow^only so 
much being left on the bars as would serve to light off again. 
Decomposition began at once, and compensation cauld fie nftfed 
by tTie rtfns into each carboy standing before the battery^ As 
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soon hs the funs began to 
slacken the fire was re- 
made, being kept low 
during theflrst. three hours, 
afterwards raised briskly 
and continued toMhe finish 
six to eight hours after 
charging. The finishing 
point was ascertained by 
pushing a rod into the 
charge and noting condi- 
tion of th£ adhering nitre 
cake. Each charge of nitre 
cake was tested for II r S0 4 
and I INC),. Almost invari- * 
ably the latter amounted 
to no more than a trace 
ai\d the former 2S per cent. 

The nitre cake was 
pushed from the still on to 
a large cooling floor hold- 
ing about 200 tons and was 
removed periodically. The 
pushing was effected by a 
specially constructed box 
pivoted on to the shank so 
as to conform to the curva- 
ture of the pot. The charge 
could be pushed in from 
ten to fifteen minuses. 

'Hie ay boys t)f nitric 
acid were removed as filled 
and mixed off to the re- 
quired strength. The acid 
in the wash-out jars gener- 
ally rose to about 6o c Tw. 
in the first and 1 5 ° Tw. in 
the end one. That at 6o° 
was used to reduce the 
main por\ion of the charge. 
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Fig. 77 . — Plant as modified in igi 6 and 1917* 



m MANUFACTURE FROM CHILI SALTPETRE 


formerly without sn much cracking of plant, as most of the heat 
was removed in the water-cooled portion of the plant. The 
wash-out jars continued to work much as under former 
conditions. 4 ✓ 

South Metropolitan Gas Company 1 

{per I\ Parrish, A.I.C.). 

Nitrate of Soda. — In order to ensure high yields, it has 
been found necessary to exercise great care in the sampling of 
all consignments of nitrate of soda delivered. 

The method which is usually pursued of piercing bags and 
drawing a sample with an auger tube does not give an absolutely 
representative sample. The tube does not pierce the full depth 
of the bag, and its cross section is relatively small compared 
with the cross section of the bags being sampled, further, the 
mode of sampling «docs not reflect the quality of the lumpy 
nitrate of soda, which was not uncommon in many of the 
consignments received during the war. 

It has been found necessary in the case of 100-ton consign- 
ments to take one bag in every ten, empty the contents, and 
adopt the usual quartering method. With smaller consign- 
ments, of (say) 2Cf tons, it has been our practice to take one bag 
in every five. 

General. -*TI*e fiouth Metropolitan Gas Company’s Valen- 
tiner nitric acid plant comprises one 20-cwt. still and one 
15-cwt. still worked with one Clabour vacuum pump. 

Operation of Plant — It has been found necessary with the 
Valentincr type of nitric acid plant to allow twelve to thirteen 
hours for the working of a ton change, and two hours for cooling 
prior tc» the still being recharged with nitrate of soda. 

After charging the still with the quantum of nitrate oi'soda, 
the man-lid h secured. The acid feed is commenced, and 
•having cysured that ajl the Woulff’!> jars are in a satisfactory 
condition, the vacuum engine is run slowly for a time. A small 
fire is fhen placed unde; the still. It has been found desirable 
to •occupy about half an hour in running the acid into the 
still. After tins has bc/m* effected, the vacuum engine is run 
more quickly and the fire increased. Operating under a 
reduced pressure of *107 lb. per square inch absolute, there has 
invariably been a tolerati'e flow of nitric acid on thq, outlet 
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of the cooling won^s*two hours after charging, and this rate 
of flow has been mau^ained for at least five hours. It hasv. 
been usual to collect the nitric acid in the first 50-gall, jar 
during the initial three hours. This jar is then put out of 
fiction, and* No. 2 connected. To obviate any possibility of 
fracture x>f the mixing vessels, it is usual to leave the acid 
to cool fOT four or five hours, and acid is never drawn from 
either of the jars, or the mining pan, at a higher temperature 
than 36° C. All the 50-gall, jars are drawn off prior to 
the restarting of the plant, as also the protecting jar. The 
nitre cake is tapped off from the still about forty minutes after 
the completion*of the distillation. Immediately prior to this, 
the vacuum on the still is decreased appreciably and the 
temperature raised in order to increase the fluidity of the nitre 
cate. The #cid is drawn forward from the 20-gall, back jars 
for concentration, and weak acid from the towers used in those 
which have been emptied. Working continuously in this way 
for five years, it has not been found necessary to replace a 
single still. 

With the Valentiner type of nitric acid plant, it is possible 
to produce either 8o° Tw. (65 per cent. HN 0 3 ), 84' Tw. (70 per 
cent. IINO3), or P art 100 Tw. (94 per cent, ft N 0 :< ), and part 
84° Tw. nitric acid at will, with slight modification in the 
method of working. For the production of tfi^higher strength 
acid it has not been found necessary to resort to the drying 
of the nitrate of soda, provided sulphuric acid of 96 per cent, 
strength is used, and the back jars are worked judiciously 
with a view to securing maximum nitric acid concentration. 
^Operating in this way, 55 percent, of the make of nitric acid 
would be ioo° Tw. and the balance 84° Tw. The confent of 
hyponitpic ac!d # can be maintained at 0*25 per cent., byjntro- 
ducing a small but continuous supply of air fhrough the nitric 
acid as collection is effected* in the 50-gall* receivers. * 

Chemical Engineering Notes. — The Clabour tyj>e of* 
vacuum pump embraces a lignum vita: piston block, phosphor 
bronze liner, phosphor bronze piston rod, lignum vitae valre 
seats, and india-rubber ball valves— sUttion and deliver# . 

The pi^mp, which is of the wet type, should withdraw 
through the cylinder a continuous steady stream of *a wAk 
soluflon of soda *ash, and as this solution is discharged* to a 
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tank, and kept inicycle for a time, it is 'important to see that 
y no dust or gritty matter reaches thi solution in question, 
otherwise “scoring” of the liner and gland may arise. It is 
advisable to discard the circulating solution immediately it 
shows the slightest sign of acidity. The discarded solution 
consists of a weak solution of sodium nitrate and sodium 
nitrite. * 

It has been' found that the best packing for the gland is 
one of india-rubber and graphite. 

If mechanical troubles arc to be obviated, it is essential to 
provide adequate cooling surface in the shape of twenty-four 
20-gall, receivers, in addition to four sets of cooling worms, for a 
plant of the size under review. Kach alternate receiver should 
be provided with a dip arm so as to ensure definite bubbling 
of the gaseous nitric acid through weak nitric acid.or water. 

To ensure reasonable life of the cooling coils, it has been 
found advisable to wrap the first three or four rings with calico 
dipped in a slurry of silicate of soda # solution and asbestos. 
Water-spraying of the coils in lieu of immersion has been 
found to add considerably to the life of this portion of the plant. 

The United Alkali Company. 

Nitrate Nitric* Acid Plant —Our nitric add plant consists 
of a number of stills each capable of holding a charge of sodium 
nitrate weighing 3 tons and heated underneath by a small coal 
fire. The stills arc vertical and are raised about 4 ft. above 
ground-level, allowing the nitre cake to be run into cast-iron 
trays standing at a convenient Jevel for discharging the con- # 
tents when cold into wagons. 

Arsenical*sutphuric acid of 168° Tw. (94 per* cent**! I 2 S 0 4 ) 
is used* for the distillation,. and 95° to 100" Tw* nitric acid (84 
• to 94 per cent. HNQ. { ) obtained. •When working for 80” Tw. 
nitric acid (65 per cent. UNO.,), a weaker sulphuric acid of 
*i48 f,<r rw. (78 to 80 percent. IT 2 S0 4 ) is used. 

• \he nitric acid vapours leaving the top of the still pass 
through a number of silica S-t> en ^ s about 8 in. diameter, sloping 
downwards to a silica coil immersed in water and luted with 
nityc acid. # • 

The uncondensed vapours rise from a special siljpa v*esscl 
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above the coil with foi^r branches and pass through four rows 
of S-bends 6 ft. 6 ih. i^ng by 4 in. diameter, each row having 
seven of these bends. Wat?r is circulated over these coils and 
the condensed acid runs back to the acid cooler. # 
t This cohdcnsing apparatus is designed by the Thermal 
Syndicate, Limited, Wallsend-on-Tyne. 

Following the coolers, the gases pass through a series of 
earthenware towers, 3 ft. diajneter and about tj ft. high. The 
tower sections are each 3 ft. high, and each contains a perforated 
earthenware plate which carries earthenware ringf and packers. 
Acid is circulated round the towers by means of earthenware 
air lifts and glass pipes about 1 in. diameter. About 10 per 
cent of the total acid recovered is obtained in the towers at 
about 85° Tw. (70 per cent. UNO.,). Behind the nitric acid 
• towers, as affinal wash, are two towers with circulating vitriol 
at i68 r Tw. which afterwards feeds the stills. The draught is 
obtained by means of a “Sirocco” fan, electrically driven, 
forcing an air current through an earthenware ejector. This 
fan gives 3 in. water pull at the fan and about \ in. pull on 
the top of the still. 

It will be noticed that no acid gases pass through the fan. 

We have tried earthenware and special Ast-iron fans for 
creating a direct draught, but owing to their liability to burst 
while running at a high speed we have kaji ta discontinue 
their use. y 

Elevation of Nitric Acid/t tiif Towers.— We used 
a stoneware “Montejus” operated by compressed air and 
delivering through stoneware pipes. Owing to the clanger of 
•joints bursting out if acid reached the holding bolts of the 
joint clamps we did not feel safe and discontinued it# use. 

We*tried*an earthenware centrifugal pumpout could not 
keep the gland tight and acid leaked on to the base “of the 
pump. If this had been* successful tfyere would still have 
remained the danger of joints noted above. 

The air lift elevator has been quite.successful but requires 
a large volume of air in comparison to the amount of acid raised. 

Another apparatus which we bavg tried experimentally 
only, and # which looks promising, is the “ Dawson 'Spray.” 1 
The acid in the base of an empty tower is atomised by a* jet 
• • 1 Lawson, B.I\ 120869, 19*18 (see p. 218). 
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of air and carriecl upward in the current, of gas# in the form 
of a mist. There is intimate contact; between the acid and 
the gas, and the cost of packing # the towers is eliminated. 

Working ,of Stills.— After running off the previous 
charge of nitre cake, the still is allowed to cool for about ar^ 
hour with the charging lid off. A 3-ton charge of nitre is 
dropped in, the lid sealed with clay, and the vitriol run in, 
taking about h&lf an hour. A small fire is put to the still 
and the acid begins distilling over. Care must be taken at 
this stage to^revent the still becoming too hot as the nitre 
is not thoroughly mixed with the vitriol, some being above 
the vitriol level. This concd-up nitre becomes* “ undermined’' 
and falls into the liquid, which, if too hot, causes a sudden 
evolution of nitric acid which cannot be coped with even when 
a good draught is maintained. A sudden “ blow '.causes con- • 
siderable loss of nitric acid, the heavy earthenware lid at times 
being lifted bodily from the charging hole. 

About eighteen hours after first applying heat, the contents 
of the still are stirred up with an iron rod, and from the con- 
dition of the bisulphate adhering to the rod, the experienced 
process man is able to gauge the time necessary to complete 
the finishing of fhe charge. The firing now must be increased 
to drive off the last traces of HNO a and to render the nitre 
cake more fiifid.* • 

The average time taken to distil a 3-ton charge of nitre 
is about twenty-four hours. \Thc temperature of the nitre cake 
running out of the still is in the neighbourhood of 340’ K. 

The clay stopper at the bottom of the still is broken out 
and the nitre cake run on to cooling trays to a depth of 3 to* 

4 in. When cool it is broken up into pieces and loaded into 
wagons for usC in other departments or for sale. # • 

Each* charge of nitre cake is tested and contains a trace of 
• NaNO. { jyul 26 to 28 j^er cent, total Acidity as H.,S 0 4 . 

YlLLD. — When making concentrated nitric acid (95 to 
ioo° Tw.), a yield of 95 to 96 per cent, is obtainable with a 
consumption of — 

9 to ft) cwts. fuel p«r ton 8o° Tw. nitric acid. 

20* to 21 cwts. 168' Tw. sulphuric acid per ton. 

4 yhew using 148* Tw. sulphuric acid for 8o° Tw. nitric acid, 
the y icjd is slightly greater. * « • 
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Conveyance oi* Citric Acid.— Concentrated nitric acid 
of 95 to ioo°Tw. for use <n other departments is carried in cast- 
iron containers mounted on railway wagons, a fully loaded wagon 
holding 6 tons. • 

• For sale, nitric acid is packed in glass carboys holding about 
cwt. e^ch. Clay or earthenware stoppers are sealed on with 
plaster of Paris, and covered over with a piece of sacking. 

. • 

Saint Martin de Crau Works of the Societe Anonyme 
d'Explosifs et de Produits Chimiqu*s 

(per Monsieur C. IIomirk, Manager). 

• 

The Valentiner plant is used and is found very satisfactory. 
Condensation is effected in earthenware coils and bottles as in 
• thS original design. The uncondensed nitrous gases passing 
the condensing system are absorbed in a solution of caustic soda. 

Some works have replaced the earthenware runs from the 
retorts and the earthenware coils by acid-resisting irons, using 
simple S-pipe condensers. 

The average time of a good distillation is nine hours, but 
to avoid frothing and loss of UNO.} it is considered advisable 
to exceed this rather than fall below it. • 

The nitre is not dried, though in many factories drying is 
effected by means of the waste heat from 'tty: JJuc* heating the 
retort. * 

Concentrated sulphuric acid 0^92 to 94 percent. JI r S 0 4 is 
used to decompose the nitre, and this allows the inclusion in the 
charge of a small quantity of weak nitric acid from ^previous 
.distillation. # 

Brotherton & Co., Leeds 

(per E. S. Wnirt.i.ock). 

_ • 

Nitric Acid Plants. — Wc used the j-ton C.l. po^ type of • 
still, hand-fired in sotno cases, but principally fired by producer- 

gas. , . • \ 

After experience with the Guttmann, Hart, and Valentiner 
types of condensing batteries ; we finally adopted the silica 
condenser^ made by the Thermal Syndicate, using Narki metal 
pipes for the first two pipes from the still. * * , - 

The<strength*of acid made was 65* per cent. HN 0 3 . „ 
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The fumes letving the condensing! batteries* were finally 
dealt with in 30-in. stoneware towers, t»ight towers to four 
stills, packed with acid-resisting kori rings and having con- 
tinuous circulation by means of stoneware and glass air-lifts. 

'1 he draught in the towers was produced by steam ejectors 
of stoneware with silica steam nozzles. Whilst admittedly 
somewhat expensive in steam, they were in the long run more 
satisfactory thah the various types«of fans tried. 

Storage of the finished acid was in large stoneware tanks 
suitably vented into the fume main. Storage of 65 per cent, 
nitric acid in aluminium tanks was not satisfactory, owing to 
action on the surface level, presumably due to* dilution of the 
acid by moisture in the atmosphere. 

Nitre cake was dealt with in the usual manner in 8 ft. square 
shallow cast-iron pans. r 

For 65 per cent, acid it was not found necessary to dry or 
grind the sodium nitrate. 

Sulphuric acid ( 1 >.( ).V.) was received at the works in tank 
wagons, run into stores below rail level, and elevated from there 
to a measuring tank placed above the stills. The measured 
charge was then run to a supply tank for each still. 

Di;v 1:1,0 1'MKN IS IN N A M \NU 1 ‘ACTUKE IN TIIK 
% * U.S A. M N ( ’ 1\ 1914. 1 

“ The building of the n\v nitrate of soda acid plants has 
offered an excellent opportunity for the introduction of many 
improveiYicnts. The Dutch ovens under the retorts have been 
displaced by modern fire-boxes ^provided with a proper arch.. 
1 his change has effected a saving in coal consumption of 
approximately 23 per cent. The chemical stoneware from the 
retorts* Co the condensers and the glass condenser tubes have 
been replaced by acid-proof, high sHicon iron, such as Duriron 
and Tantiron. The vol vie- ware saucers .in the towers have also 
teen \lis^laced by acid-proof iron. The chemical stoneware 
frpm the condensers to the absorption towers, and the glass 
lines for circulation of ^cid at the sides and top of the towers, 
however*, are retained. The abs6rption tower capacity has been 
increased about 40 per cent, by the addition of more towers. 

* • , 

• 1 1 ’ranke^/. Ind'Eng. Chon., 1918, 10, 830-31. * " 
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Spiral rings for tower packings have taken *the place of the 
ordinary form of packing* 

“ Important changes have also been made in operation. 
The average charge of 5000 lb. of nitrate per «L*tort has been 
increased to about 7500 lb. The retorts, instead of being 
operated jn batches, are operated in rotation. Instead of three 
runs per retort per day, the usual practice is now two runs per 
day. Temperatures are also controlled more* caicfully than 
in the past. 

"The result of these improvements is an increase in the 
amount of nitrogen recovered as acid from an average of about 
78 to 80 per ceift. to about 93 to 9 j. per cent, of the nitrogen in 
the nitrate of soda. At the same time the labour requirement 
ha£ been somewhat decreased.” 

• 

Wokmnc K1.su1.1s 01 Nitric At il> I’j.ants 

T'y pical manufacturing results are shown in the accompany- 
ing reports ol various 1I.*M. Factories, where very careful records 
of all processes were kept :~- 


I I.M. !■ At TORY, CRH I'l AND. 

Week cl id in g (> \. m., 27th lul> I'jlS. 

• • 

Xitric At id Mann figure Report. 

1* Knots* v. 

1 INO. liijuiudent to Clinic Niliatc ton-mmed (l) .it RetoiC, OS.C^nr, ; 

H) Ou-ull, <>9*95 ,, 

• UNO, piodmed Rctoits Mm 2 tuns. 

Loss of UNO, (1) .a Rctoits, 2-53 ton- ; (2) Ovei.dl, 3-S3 Luryj. 

Percdhtage h^s (1) ,, 3.71 per tent. ; (2) 9 y \7 j*ci tent 

* , Hficiuny at Retoiu — 9M29 per «cnt. # m 

• 

Number of RetoiO charged, 65 ; pipped, O5 ; aveiage tunc of < J<le, 2|>4 hour.*. 
l*uel consumed, 22 75 tons -- 0-34 ton per lo»IlNO, produced* 

Average A( ldity of Nitre Cake, 30 oK per < ent. » 

HoS() 4 consumed («) per ton NaNO., 9-96 ion ; (*) per ton I 1 NO., 1-34 ton* 

Theoretical Acidity of Nitre Cake, based on 1 I..S 0 4 Usage, 3 o-o per rent. 

• * 

Remarks 


(Signed) . , 


Chemist in Chierge. 
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, H.M. FACTORY, PEM»RF;Y. . 

Week ending 6 A.M., 2nd Felyuar^ 1918. 

€ 

Nitiic Acid Report. ( N.C . ). 

f 

Sheet A 1. Rv.roii is ' 

N mnk 1 of KetuiU working . 14 Number of Charges made during week. 101 

Charge j>er Retoi l 2*634 tuns Diy Nitiatc, NaNO tl . . . 95.3 percent. 

2-boo „ Sulphuric And, [I.,SOj . . 92-50 „ 

* 

Mathum. Consumed. 

Dry Niti.ito . . . 260*0 tons Ktjuiv.ilcntloN.iNO_, . 258*8 tons 

r IINOj . 191*8 „ 

Sul j dntrjt And . . 262*6 tons ILSO, . 92*50 j>ci tent. 242.9 „ 

Fuel ton* rimed (</)m Drying 3*2 ,, « 

(//).it Retorts 3 0*3 ,, o*I 8 ton jici ton UNO, produced. 


Strong Niti n At ul . 
Weak Nilin At id 
Nitrt: Cake p induced 


Mai mum Produced. 

178 | ton-. UNO, . 89.0 jici ^ cut. 158*8 tons* 

37*i „ 1 1 .NO, . 62*3 „ 23*1 „ 

324*5 ,, Audily as ILSO, . 28*50 jicr cent. 


UNO, 1 os 1 . 

II NO., 1 * <|tii\ .dent to Nilialc Charge lo Rebut-, . . 191.8 tons 

I INO, pioduicd ...... . 1 8 1 *9 ,, 

UNOjlost 9*9 tons . 5*2 j >ei t uit. mi 1 l.M ) _ hcjunaluit to N iti.ite diarged. 

Remarks . - 

(Signed) 

(>/// j tht kai v 1918. 


H.M. I'AtV^WY, CRAIGI.FITI 1 . 
Week ending 12 noon, 29th June 191S. 


v Nitric Acid Report. 

sm- nr li 1. 

(Ouantiiie*. as Tons ot 22 p) lb.) 

Number of Retort.* woikmg . 5 Retort* charged dining week „ . 30 

Retorts (upped dining week . 30 


Nitrate of Scxl.i . 

Sulf iiuric At id . 
Fuel consumed 


C H AKGfcli It) Rl^ORlS. 

82*5 tons ; equivalent to pme N.iNO a . 77.55 tons 

UNO*. . 57*48 „ 

85*72 Ions 1 IjS 0 4 93 per tent. . 79.7 2 ,, 


Strong Acid 
W&k Acid 

Nitre Cake 


Produced. 

54*44 tons UNO, 93 per cent. . 50-63 

5*66 „ HNO j 60 „ . 3.40 

. 100 tom); Average Acidity . 29 per cent. H 4 S 0 4 



M.ANT REPORTS 


1 4 5 


• . * Efficiency. 

HN 0 3 charged as NaNO/ . . 57.48 tons 

Total HNOj produced . % .• 54.03 „ 


Remarks 


Loss = 3*45 ,, -- 6 per cent, on HN 0 3 
Charged as*N.iNU s 

Crude Nitre contains 94*7 per cent. Sodium Nitrate. 

»» „ 07 „ , t Chlotidc. 

(Signed) 


( Vienust in Charge. 


II. M. FACTORY, GRIiTNA. 

Monthly Report, five weeks ending 7.30 \ m. p 2nd Maul? 1918. 


Nitric Acid Retort's. 


• 

Total Number of Rctoits charged 

( 13^1 Wet) 
0359 .’ l>'Yf 

149s 

” 

,, tapjicd 


1505 

• 

Sodiun^Nitiale#- 

CllAKt.l I) 




Tnna 

IN-r cent. 

Turin 

Ainount . f }) ct 

Na.NO, . 

( *)INO 

/ 197-97 

U>ry . 

2719.5 ■' 

1 98-41 

1 IVS3.58 

Sulphunc Ai id — 




Amount . 

3095-5* IH s() 4 - 

9 2-0 11 , SO, 

2849.44 

Coal used m Ptoduiu* 

401-54 



Nitric Ai id — 

PkoDUC bl) 




Tuns 

INt cent 

Toiih 

Am- nnt, Strong 

1986-07 11 N() 3 . 

92 -t UNO 

, • 1835-62 

Amount, Weak 

380-19 UNO, . 

(.3-75 iino 

, . 24278 

Hx. Toweis . 

10(1.67 UNO, . 

59 7 UNO, . 63-67 



♦ • 

Total 2141-67 

Nitric Acid — 

Loss. 

9 

— 

Total HNOj charged to Plant as NaNO n « . 


2181-55 tuns 

,, ,, recovered 

as UNO., 


2120-96 „ 

Amount lost, 60-59 tons -- 278 j»ei cent. 


•• 


Physical Data. 


•Time of Distillation 

p 

. 11 

lours, 43 minutes 

,, Cyile (th.ugmg 

to n-< liargmg). 

. 14 

H 4 « M 

Nitre Caltf — '■ 


• 


Percentage free lP 2 SOj 



. 2«43 

Fuel- 


• 


Coal used per ton of And rccoveicd . 

*• 

. 0^6 ton 

„ „ „ UNO,.,, 


. 0-19 ,, # 

Nitric Acid — 



• 

Average Strength of And reiovcicd . • 

• 

. 86-6 per Pent. 

Tons produced ]«r Retort 

• 

. i-6 • 

Percentage recovered as Strong And . 

• •. 

* . 85.7 per cent. 

If 11 

Weak And 


• ii *3 M 

„ df Weak Acid recovered in Towers 

• 

■ 3;0 „ 

Total Recovery # 


/ * ■ * 

. 97-22 •, 


A '*U . — Seven retorts in process at commencement of monthly period* 



H.M. FACTORY. GRETNA. 
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• Continuous Processes/ 

Prentice. 

In 1 893 ^Prentice 1 introduced a continuous process for the 
production of nitric acid He supplied nitrate of soda 
through hopper to a small horizontal pug-mill, where it 
was mixed with the requisite amount of concentrated 
sulphuric acid. From the mixing mill the charge was delivered 
to a horizontal retort of rectangular section built in the flue 
of a coal fire. The retort had baffle partitions stfttching from 
the cover but not reaching to the bottom. During working 
these baffles served to separate the retort into separate 
chambers, but the liquid mass in the retort could How forward 
froyi chamber to chamber. Each chamber was provided at the 
•top with a vapour pipe to conduct away the nitric acid. The 
full heat of the fire came under the compartment farthest 
removed from the charging end, and here the last of the nitric 
acid was removed before, the nitre cake was discharged. 

As the charge entered the retort it became decomposed, 
and the decomposition continued with increasing temperature 
as tlos portion of the contents of the retort moved progressively 
forwai-l to make room for fresh additions and finally to take 
the place of nitre cake removed at the discharge end. 

Excess of sulphuric acid was used in order tT> ensure a free- 
flowing nitre cake, and this was • filised afterwards for the 
manufacture of superphosphate. * 

Prentice claimed a fuel saving of 66 per cent, in comparison 
with his plant working the discontinuous process. A continuous 
fetort weighing 2 tons produced as much nitric acid tons) 
per week as did two discontinuous retorts each weighing 5 tons. 

In addition «to economy in fuel consumption, a continuous 
process would entail a inucl^ less wear and tear (?n the retort, 
on the combustion chamber, and on the condensing system, as* 
working conditions could be kept fairly uniform over Jong* 
periods. The alternate heating and coflling involved in tfte 
discontinuous process is detrimental to the life of tl*e retort, to 
the containing structure, and to the condensing system. • 

Prentice^ process did not find favour and # was never worked 
to an^ extent. , j * * * # 

1 /. Soc . Chem . lnd ., i \ 894, IS, 323* 
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Uebel. 

More recently Uebel 1 introduced a continuous process 
involving the use of three retorts, two of which are built in the 
flue system carrying waste gases from the third rotort which is 
at a lower level, and which receives the first heat of the furnacS 
provided fur the system. 1 

While not quite eliminating the necessity for cooling during 
the admission of the charge, the Uebel process does to a large 
extent get .over the great drawback of the discontinuous 
process due to alternate heating and cooling. 



* ' 1' 1C. 8o. - Pi.iKr.immatic Representation of UcL^c! Retorts. 


'1 he two upper retorts, B,» C (Fig. 8o), are alternatively 
charged witji nitrate of soda and sulphuric acid, wjicre the 
decomposition of which is only partially r effectetl before 
transference «to \he lower and hotter retort A. For a period 
before ictort A is du>e to receive a charge from B or C, nitre 
* cakq is discharged from it through an opening, the height of 
w^iich allows only a determined quantity to flow from the retort. 
% Consider, the process actually at work. The hot flue gases 
from retort A are by-passed, round retort B which has just 
received a charge of nitrate and sulphuric acid. .Retort C is 
rfteanwhile .lying empt^v with no hot flue^ gases circulating 
r 1 B.l* 19881, 1913 (see p. 214). 1 * 
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round it. Retort A JiaJ recently received tlfe charge from C. 
Before the time for the transference of the charge from B to A, 
a quantity of nitre cake is discharged from the latter, and 
during discharge the heat of the furnace is modified somewhat 
411 order to ‘prevent a too violent reaction when the charge 
from B is transferred to A. On transferring the partially 
completed charge from B to A the flue gases are now by- 
passed from retort B to C which has been rbcently charged 
with nitrate and sulphuric acid. 

At the time of discharge from a top retort •the reacting 
material has reached a temperature of 170 to 200 (\ In 
the lower retort the temperature of the melt varies from 
250° to 300". 


* •Working Results: — 

Total recovery 
Average strength 
Nitrous content 
Fuel consumption 
Acidity of nitre cake 
Ratio 1 1 .SO, • NaN( >., used 


95 to 9 () per cent of Theoiy. 

- 90 per cent. 1 1 NO.,, 
less than o 15 per emit, (as NIL). 

=■-- 15 per cent, of the weight of nitrate. 
37 to 38 per cent. II BO,. 

1.05 : 1. 


Points in Procedure. — 1. The use of {Jbly sulphate, as 
designed in the original Uebcl process, may or may not be 
resorted to, as desired. • « • 

Lunge, 1 in this connection, says : The nitre cake, running 
out at a high temperature frorr^ the retorts, is mixed with 
sulphuric acid of about 171 sp.gr. in such proportions that a 
‘ polysulphate ’ is formed, the water being evaporated by the 
heat remaining in the nitre sake. This polysulphate, of the 
composition Nall 3 (S() 4 ) 2 , serves instead of fresh sulphuric acid 
for manufacturing the next batch of nitric aetd.” Mauge 2 
describes a strong heating of a portion of tire nitre cake run 
from the bottom retort, “ tftid the polys^lphate so farmed 
returned to the top retorts.” It is added at a temperature o£ 
120° to 150" very slowly after the nitrat^ has been int*rocTu(^d. 
Sulphuric acid is added after the “ polysulphate.” # 4 

2. Shallow pans on top of the retorU settings rfiay be .used 
for drying the nitre. 

1 Sulphuric j\cidand Alkali , vol. i., part 1, 4th ed., p. 154.* • # 

2 V Industrie Chimique, August 1920, p. 265. ^ • 
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3. At each discharge from the topUo.the bottom retort, a 
portion of the melt is retained in the tqp Retort. 

4. Sufficient suction (8 to 10 cm.) is maintained so that the 
charging holeifor “ polysulphate ” and sulphuric acid may be 
left open. This allows the acid charge to be added’gradually. «> 

Advantages. 1 — 1. Logical working of the furnaces — good 
utilisation of the heat — no losses due to cooling. 

2. Retorts worked at constant temperatures — long life — low 
upkeep. 

3. Constant conditions in the condensing system — relatively 
small capacity for given output. 

4. High 1 1 NO., content — low IIN(L content in the con- 
densed acid. 

5. No vacuum pump required. 

(). Simplicity of operation. I 1 

Important Points in tin-: Manufacturing Process. 

1. Duration of Distillation Period. 

The time necessary for carrying through a distillation 
is dependent on many factors. If the mixture of sulphuric 
acid and nitrAte of soda were heated in an open pot 
without thought of condensation, one could arrive at the 
minimum tithe n xj aired for the working of a charge. Under 
practical conditions the iVJ-important recovery of nitric acid 
either directly condensed or«obtained by absorption and oxida- 
tion of decomposition products puts a limit on the rapidity 
of the distillation. 

Decomposition by Iron. — It ir» well known that iron reduces 
nitric licid and gives nitrogen peroxide and other reduction 
products, and from this point of view it would appear best to 
reduce the distillation time to a minimum in order to avoid 
excessive decomposition of the nifric acid by contact with the 
.iron of the retort. 

% lietort man-lids i£. made of iron rapidly corrode, and even 
t+ie retort lyl itself shows signs of corrosion. The loss of 
iron frpm 'these retort 'parts in a measure represents the 
reduction effect produced on the nitric acid, 

« Webb 2 gjves figures to show the solubility effect on the 

1 Mauge, p. 266. f ^ Soe . Client . I mi . ( Frans .), 1921, 40 , 219. 
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iron of a small scale.retkrt, of running a nitric acid distillation. 
In distilling a charge pi 7 lb. of nitre, the weight of iron 
dissolved from the experimental retort was 51 09 grams. 

In the same article, 1 it is shown how the uncfindensed gases 
/rom a distillation in an iron retort differ from those obtained 
from a distillation in glass. The following table gives the 
results of such distillations: — 










NO 

• 

N.jO 

lion iciort (tomposilion of .ifu*i 

l’i r « cut 

r. r rent 

lVrcenl 

IVr rent 

4Y houia’ ilisttlbitiuti) . 

Glass ictiirt (i omjtosition "1 

w ; 


5-2 

1.8 

a ft ci 5 horns’ ilimllation) 

- • 

i 

25-0 

74-7 


Nil 


Decomposition by Heat. — It is also well known that nitric 
acid decomposes completely at a temperature of about 250°C. 
With a view to keeping this decomposition as little as possible, 
it is designed to work the distillation at as low a temperature 
as possible. * 

These two attempts to avoid decomposition* of nitric acid in 
the retort are thus opposed to each other, and«it is necessary to 
adopt some midway policy. 

Decomposition of nitric acid in the retyrj may possibly be 
minimised if the temperatures in the two top flues surrounding 
the retort above the liquid level ^re kept only just sufficiently 
high to prevent condensation. For this purpose, with intensive 
working, some system of by-pass for the flue gases*could be 
o provided, # 

In a report (undated) on “Standardisation of Retorts, 
Silica tioils,”' at II.M. Factory, Queen’s Feiry, N* V. S. Knibbs 
shows that the temperatures of the gases iu the uptake from 
the retort follow closely uPith the temperatures* of the waste 
gases leaving the top flue of the retort setting. Fig. 81 shows 
these temperatures plotted together for one distillatioo. • 

In practice it is found that very rapid distillations giye 
more decomposition products than# sipw ones* tither things 
being equal, and the conclusion" is drawn that decomposition 
due to contact with iron is not nearly so important as deegm- 

c 1 /. Soc. Chan. I?id. (Trans?), 1921, 40 , 218, • 
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position due to h^at. Winteler 1 drawls attention* to the fact 
that the hydrates of nitric acid boil gt higher temperatures 
than the acid itself, and arc formed with evolution of heat; so 
that a rise of temperature above the boiling-point of the pure 
acid may occur easily with decomposition of the acid and# 
formation of these hydrates and of reduction products. As 
one of his conditions for efficient distillation, he says that 
the distillation temperature must be kept as low as possible, 
and to avoid overheating the distillation must be conducted 
slowly. GutUnann/ 2 in speaking of the impurities met with 



in nitric acid, says that tl& hyponitric acid present is due to 
overheating in the distillation and consequent decomposition 
of the nitrjc acid. Hart '* attributes most of the reduction of 
nitric acid to heat decomposition rather than to iron. 

With an absorption system of ample capacity, serious loss • 
of the rtitrogen of a charge of nitrate need not occur evqn with 
very rapid distillation, but two important disadvantages will 
result from thq decomposition of nitric acid, viz. : (i) The ratio 
' of strong .nitric acid tQ. weak will be reduced ; and ( 2 ) the nitric 
i%cid produced will have a higher nitrous acid content than 
norpial. * , 

* A slow gives a maximum over-all yield of 

HN0 3 ; # but*in this case there may be disadvantages, as ( 1 ) 
decomposition by the iron of the pot is more pronounced and 
1 C he>n. Zeit 1905, fee, 820-23. - /. Soc. Chem . 1893, 12, 203. 

* 3 / Af/irr. Chem. Soc\ t 1895, 17 , 580-84. » ' 

« 
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the nitric acid produced & high in nitrous ; (2 f fuel consumption 
is high. • # 

Best all-round results arc obtained when a brisk distillation 
is carried through without at any time allowing it to become 
violent. * 

In the author’s experience, working 2-ton charges of nitrate 
in a 350*cub. ft. retort with Hart condenser, and a suction 
of 0 25 in. at the retort head Jn the cold, a twelve-hour distilla- 
tion period proved highly satisfactory. In time of stress this 
period was occasionally as low as five hours, and \yjth poor fuel 
and unsatisfactory labour it rose to sixteen hours. 

During the* early period of nitric acid manufacture at 
H.M. Factory, Gretna, an endeavour was made to arrive at 
the minimum distillation period for the condensing sets in use. 
•For t^vo or|three days the retorts were fired very vigorously, 
and distillation periods as low as five hours were obtained. At 
the same time, however, the percentage IIN(X { content of the 
strong nitric acid produced fell Iroin 92 to 90. As this acid 
was required to be at least 92 per cent. IINOj, for use in 
the production of niPro-glycei ine mixed acid, very rapid 
distillation practice was discontinued. With return to normal 
twelv hour distillation periods the strength (A the nitric acid 
again became normal. Although this experience does not give 
conclusive evidence, it tends to show that eycyssiwe destructive 
decomposition of nitric acid resulted from very rapid distilla- 
tion. Owing to stress of circumstances this question was not 
further investigated at the time. 

Knibbs {vide gives figures to show that a better 

proportion of strong acid t<j weak is obtained with slow 
distillations, but his results in another place (Report on 
Experiments performed on the Queen’s herrf Gun-cotton 
Retorts) are not in agreement on this point# No corfdusions 
regarding over-all recovery In relation to rapidity of distillation 
can be drawn from the kbove reports, very varying results bein^ 

obtained. - • • 

As a result of plant investigation at II.M. Factory, Queen> 
Ferry, Fox and Robinson came to. tjje conclusion (1) that 
high speed of distillation does not necessarily mean low 
recovery ; (2) that strength of strong acid bears no relatio^to 
speed of ’distillation. Records of firfe distillations are, given 
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in their report, Hated 25th December ^916, with distilling 
periods varying from five hours twenty-Tivc minutes to eight 
hours ten minutes. ' 

The results % of Webb’s experiments on the rate of distillation 1 
tend to show that neither the total nitrogen recovery nor th^ 
strength of the nitric acid produced, is appreciably affected by 
the rate of distillation, though the evidence in the case of 
the small scale works plant is. too restricted to admit of 
a general conclusion. 

With distillations varying from twenty to ten hours forming 
part of an unfinished set of large scale plant experiments 
at Gretna, Poole did not find any definite relation between 
time of distillation and the strength of the nitric acid 
produced, but this work does not cover rapid distillation. 

1 . * * 

• 2. Drying of Nitre 

The question as to whether or not it is advisable to dry the 
nitrate of soda is not a very vital one in most cases. It is 
closely connected with the strength of ^sulphuric acid used and 
the requirements in regard to strength of nitric acid produced. 

In general there is a certain weight of water introduced 
into the system by the sulphuric acid and the nitre, and most 
of this is distilled over with the nitric acid. Therefore, where 
nitric acid of theVighest concentration is required, the sulphuric 
acid must be highly concentrated and the nitre dry. Distilla- 
tions carried out with such ‘materials, however, are not satis- 
factory ’ 4 * there is abnormal decomposition of the nitric acid 
resulting in a high nitrous content (see point No. 3). 

l r or most purposes it may hot be necessary to dry the* 
nitre. If, however, the sulphuric acid to b^ used is of 
relatively low strength, drying the nitre may be desirable. 
In such a case it will be necessary to consider comparative 
costs of* the removal of water from sulphuric acid by extra 
tonceyitration or by drying the nitrate*of soda. 

• % 

% t 8. Concentration of Sulphuric Acid. 

This question may be looked upon from a number of 
standpoints according to the object in view. 

« 1 / S<x\ Ckt’mSlmi. 1921, 40 , 2*12-20. 0 • 



155 


STRENGTH OF SULPHURIC fCID 

(a) In Regard to Average Strength of Nitric Acid produced. 
— In normal nitric acid manufacture there are two well-defined 
processes carried out, in one of which the average strength 
of all the acid produced is about 90 per cent. # H N 0 3 and in 
Jhe other about 80 per cent. IINO. { . The latter process is 
carried out by distilling ordinary wet nitrate with sulphuric 
acid of about 78 per cent. 1 LS 0 4 content (Glover acid). 

The former process has •crystallised into tbc use of 90 to 
94 per cent. 1 1 .,S 0 4 , and either wet nitre of 2 to 2 5 per cent. 
II .,0 content or dry nitre of 0-5 to i per cent. I IXWcontcnt. 

(b) In Regard to HjfuieucY of UNO ;J Recovery.'— Naturally 
variation in the ratio of I f.,S 0 4 : NaNO :5 will cause variation 
in distillations where the same strength of sulphuric acid is 
used, and it would be a very big undertaking to find the best 

•working conditions with all ratios of H.,S 0 4 : NaNO r 

This ratio being defined, it is possiUe to specify the 
sulphuric acid concentration for most efficient recovery of 
UNO,. 

With a nitre containing 1 to 2 per cent. 11 , 0 , and using 
a ratio of sulphuric a did to nitre of mo to 1, the following 
con* lusions were drawn from a large number bf experimental 
distillations carried out at II.M. Factory, Oldbury, by II. W. 
Webb and G. R. Stones : 1 — 

1 The best concentration of sulphuric*agd from the point 
of view of nitric acid recovery seems to be 91 to 92 
per cent. 1 LSO r • 

2. The amount of nitrous acid in the condensed acid 

decreases continuously with the rcductfoh of the 
strength of the sulphuric acid used for the distillation, 
between the limits of 97 per cent II 2 S 0 4 «ind 85 

• percent. H 2 S() 4 . 9 

3. The amount of nitrogen compound# retaine*cf in the 

nitre cake is greater, the greater the concentration • 
of the sulphuric acid used, other things being equal. 

4. The amount of actual nitric acjd condensed. indre^ises 

with decrease in sulphuric acid concentration. 4 

5. The concentration of the ^oedensed nitric acid is 

greater, the greater the concentration of the sulphuric 

acid used. • • . • 

* I 

• 1 Cf. /. Soc. Chon. Ind. (Trans.), 1921^40, 212-20. « 



156 MANUFACTURE ?ROM CHILI SALTPETRE 

6. The point^ at which the distillation of nitric acid is 
very fast becomes less and less ‘apparent as the con- 
centration of the sulphuric acid is decreased, there 
is mqch less likelihood of “blows” the lower the 
concentration of sulphuric acid used. ' t 

For a short period at H.M. Factory, Gretna, 98 per cent, 
sulphuric acid was distilled with dry nitre of about 0*5 
per cent, moistute and wet nitre of about 2 per cent, moisture. 
The following figures represent the results obtained in working 
fifty 2-ton charges of nitrate : — 



IVr (••■lit. 
Ileom cry us 
Strong Acid 
l»‘i per cent. 

1 1 M > i 

Percent us 
Weak Acid 

70 per cent. 

Per rent us 
Tower Acid 

70 per cent 

\ 

Average 
Strength 
per ceut 

« 

Using fjS | >ci i out. S.A. and 
diy iiitie . . . 

77-0 

10 . i 

H .5 

850 

Using ijS pci lent. S A. ami 
wet mtic .... 

7<»-5 

II.X 

12-2 

S4.1 

Using 94 per rent. S A ami 
dry mtie (lor roinp.msnn) . 

s --7 

; n.S 

5-t 

88.0 


The working of these charges was difficult, as explosive- 
like evolutions of vapours were very common, and it was found 
practically impossible to control the distillation. Much fume 
escaped to atmosphere, and the work put on the absorption 
system was very heavy. v 

Sulphuric acid of sucU high concentration exerts a 
dehydrating effect on the nitric acid produced, and causes 
decomposition according to the equation, 

4IINO., 4NO, + 2IU) + (>., 

General experience agrees with point No. 6 ,in th^* above 
report by Webb and Stones, that the distillation is quieter 
the lower the concentration of the sulphuric acid, other things 
being equal. « 

* 

• 4.' Relative Proportions . of H.,S0 4 and NaN0 3 . 

This proportion wa^s mentioned in the first page of this 
chapter In connection with the general suitability of retorting 
conditions. Generally speaking, its importance has been 
considered chiefly in relation to the fluidity of the nitre <?ake 
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at the end of the distillation. In a continuation of the experi- 
ments on nitric acid manufacture, some conclusions of which 
have already been given, Webb and Stones considered this 
particular question. # 

• Their conclusions are summarised below (using sulphuric 
acid containing 92 per cent. ICS 0 4 ):— 


(a) From experiments in small cast-iron still and on large 
scale plant. 

1. The total nitrogen recovery begins to fall off when 

sulphuric acid is used in such quantity as will yield 
nitre cake of less than 35 per cent, acidity. 

2. The condensed nitric acid obtained from charges giving 

cakes of 38 per cent., 37 per cent., and 36 per cent, 
a^dity is approximately of the same nitric acid 
content, but when a cake of 35 ger cent, acidity is 
obtained, the nitric acid content decreases about 
1 per cent. 

3. The weight of nitric acid condensed gradually decreases 

as the sulphuric acid ratio is lessened. 

4. The amount of nitrogen compounds ^retained in the 

nitre cake remains practically constant, irrespective 
of the amount of sulphuric acid used. 

5. The amount of nitrous acid in the condensed acid 

appears to be a variably quantity, and apparently 

does not follow any variation of cake acidity. 

• 

(b) From Experiments in Glass Apparatus. — Conclusions 
1, 2, and 3 could not be drawn from the resufts of the 

• experiments in glass apparatus. Conclusions 4 and 5, however, 
do apjdy to the experiments in glass apparatus. • 

The tables on page 158, giving results •of two large 
scale experiments, form part of the report by Wfcbb and 
Stones. • 

That these results*irc not confirmed % in ordinary large scale 
operations is seen by referring to ^summarised nitric # acid 
production figures in the Reports on Costs and Efficiencies /or 
H.M. Factories, controlled by th(? factories lfranch of the 
Department of Explosives Supply. 

It is seen from the following table, p. 159. (S # egond 

Rtfpor* on Costs and Efficiencies)/that no refation js trace- 

.. • ; 
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NITRE CAKE ^CIDITY 

• . • 
able on the works senile* production of nitric 

H„S0 4 usage and -nitric acid recovery. H.M. Factory, 
Oldbury, with its high II.£0 4 usage, does not get more 
than medium nitric acid recovery (represented by per cent, 
efficiency). 'Craigleith, with highest II.S0 4 usage, records the 
lowest nitric acid recovery. Gretna, with low 1LSO, usage, 
achieves a much higher nitric acid recovery. 

All the Government plants at the period under review 
were adequately staffed on the scientific control side, and were 
provided with ample nitric acid recovery systems. » 




(For determination see Analyses, p. 247.) 

About 98 percent, of nitre cake consists of sodium hydrogen 
sulphate and sodium sulphate in the ratio of approx* seven of 
•the former to three of the letter. Water is contained to the 
extent of approx. 1 per cent. Nitrogen acids are seldomyrcsent 
in any 4>ut vftry small amounts. Some sodium ^)yrosulphate 
may be present, the quantity being increased # as hating is 
extended beyond the completion of distillation of nitric acid. • 
The question of acidity of the residual nitre cake is bound 
up with the ratio of H 2 S0 4 /NaN T 0 3 and Jhe temperature 5t jhe 
completion of distillation. * # # 

It has already been laid down* that at the* completion 
of the digtillation the residue, the nitre cake, must be 
sufficiently fluid to run freely from the fetort.^ As .reg^fds 
consumption of sulphuric acid, it* is important tlyit the 
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quantity of this acid should be cut d«wi\ so lowthat a liquid 
nitre cake of minimum acidity should remain at the close of 
distillation. The fluidity of nitre cake, however, is dependent 
on its temperature as well as on its acidity. In general, the 
greater the acidity the lower is the melting-point* of the nitrq 
cake. 

Since the nitric acid recovery from the distillation is closely 
bound up with the temperature, and since the respective values 
of nitric and sulphuric acid are all in favour of full recovery of 
nitric acid, <*/en if it involves a slightly increased consumption 
of sulphuric acid, it may be generally conceded that the 
maximum temperature conditions determine* the acidity of 
the nitre cake. 

II. W. Webb, of H.M. Factory, Oldbury, has found it 
impossible to reproduce commercial nitre cake by using only* 
sodium sulphate* and sodium hydrogen sulphate as the 
constituents. This he puts down to the presence of other 
salts, c.g. t I'e,(S 0 4 )j and MgS 0 4 , in commercial nitre cake, 
which may have a decided influence on the solidifying point. 

Fluidity of Nitre Cake. — J. M*Leod Frown, at II. M. 
Factory, Gretna, as a result of observation of a large number 
of distillations* found that nitre cakes of acidity shown in 
column A would run freely from retorts when the cake 
temperature. 1 ? wore- as shown in column Ik 


A. 

H. 


27 per cei»:. 

225' 

C 

28 „ 

2 IO° 

(* 

-9 

205° 

C 

3° » 

200° 

c 


Hef did not find any thick cakes (of acidities 28 to 32 per 
cent.) occur ^it temperatures higher than 230'' C. 1 

H. \V. Wcbt^ in the investigation referred to above, con- 
• eludes tjiat nitre cake is not a tru& solution but a suspension 
of solid in molten saft. 

* 

# A*t H.M. Factory, Queen’s Ferry, the curve given in Fig. 82 
was obtained, giving the relation between acidity of nitre 
cakes and fheir solidifying points. A more useful curve would 
be one correlating acidity with minimum temperatqre at which 
the fake will run thin. 

General experience \nd icates that taking, all points' into 
% 4 
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consideration working <o a nitre cake of about 28 to 30 per 
cent acidity gives goo<j results. For such a nitre cake the 
ratio H 2 S 0 4 /NaN 0 3 should be approx. 0-96/1, and the final 
temperature of the cake should be in the region of 250° C. to 
•200° C. 

• 0. Fuel Consumption. 

Various factors influence the consumption of fuel, and 
economy in this particular can only be effected by very careful 
attention to the whole process of distillation. \ short, brisk, 
continuous distillation with the “Reaction” proceeding with 
drawn fire will result in best fuel usage. 



At H.M. Factory, Gretna, many tests were made of gas 
consumption during nitric acid production, and the figures 
obtained may be taken as representative of various types of 
distillation. _ • 

The* gas used was producer-gas of an average com- 
position 


co 2 

0 

4 0 per cent. 

CO. 

. 28-0 * „ 

H, . 

. li-i 

CH, 

' i- 4 # 

N, - • 

• • * • Jl*J 

• ioo-dP 


One ton of coal produced 130,000 cub. *ft. of gas (.N.X.^Oi 
and - an average distillation used ibout 30,000 cub # ft. in 
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producing 143 ton HNO s . This works opt to a Consumption 
of 016 ton of coal per ton of IIN 0 3 pnpduced. 

In twenty metred distillations the gas consumption varied 
from 19,871 ci^b. ft. to 40,928 cub. ft. 

Figs 83 and 84 show gas consumptions, recorded half-hourly* 
alongside Hue temperatures for three different distillations. 
The result of low initial temperatures on fuel consumption is 
clearly seen whtfn Cycle I., Fig. 83^ is compared with Cycles III. 
and IV., Fig. 84. The distillation charted on Fig. 83 was 
started after* a week-end shut down of the plant. 



7. Decomposition of Nitric Acid. 

Nitric acid is a powerful oxidising agent, readily giving 
up oxygen and thereby becoming reduced. The direct 
reduction 'pioducts are HN 0 2 , NO.,, N 2 0 3 , NO, N^O, N 2 , 
and ILO, chief «of which are NO.,, NO and H 2 0 . Various 
factors are present during the distillation of Chili nitrate with 
^sulphuric acid to promote the reduction of the nitric acid 
produced. 

* By Chlorine. — Chlorides are' present to the extent of about 
03 per cent, in commercial nitrate, and the action of sulphuric 
acid on these chlorides leads 1 to liberation of hydrochloric 
acvcj. Jhis hydrochloric acid becomes largely oxidised by the 
nitric jtcid produced, with consequent formation of seduction 
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products of nitric acid and chlorine a$ shown in \he following 
equations : — 

(1) 2IICI + 2UNO, = 2H.,0 + CL + 2N0 2 

(2) 0 II Cl + 2IINO3 - 4 1 I/) + 3C1", + 2NO 

(3) 3IICI + HN 0 3 = 2 II/) + CL + NOC 1 • 

The gases thus formed pass forward to the absorption 
system, where a certain recovery of their nitrogen content is 
effected with re-formation of nitric acid. Traces of the 
hydrochlorft. acid are retained by the condensed nitric acid 
and constitute one of the common impurities of the commercial 
acid. 

By Iron. — The retort in which the reaction is carried on is 
made of cast iron, which dissolves in nitric acid, producing 
nitrate of iron and gaseous reduction products of nitric acid 
It is very noticeable that the coldest parts of the retort, viz., 
the small nitrate charging lid in particular and the lid in 
general, arc most readily acted upon by the nitric acid. Owing 
to their relative coolness, deposition of nitric acid or its 
hydrates is effected at these places with comparatively rapid 
corrosion. Amongst the reduction products of nitric acid so 
produced are chiefly nitrogen peroxide and nitric oxide, with 
a little nitrous oxide and some nitrogen. Neither of the latter 
two gases is 1 " condensed or converted anywhere in the system, 
so they pass out of the fume stack as inevitable loss of nitrogen. 
The nitrogen peroxide is i :> some extent soluble in the con- 
densed nitric acid, to which it imparts a reddish colour. 

By Heat. — Nitric acid decomposes progressively under the 
influence of heat, and at 250° C. under pressure is completely 
convelftrd into its decomposition products: — 

.. t 4 HNO 3 -= 2 II ,0 + 4 NO., + 0. 2 . v 

' 11 

• During* the progress of distillation the temperature is sufficient 

• to cjiuse some decomposition as here indicated with production 
of wat£r, nitrogen peroxide, and oxygen. 

% By Carbonaceous Matter. — Carbonaceous matter, eg. 
straw* string, coke, etc.', admitted carelessly with the retori 
charge, promotes decomposition of the nitric acid. • Care shoulc 
15e taken that such materials are not allowed to get into the 
retort. , *■ 
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By Sulphuric Ac}d.-»-Highly concentrated sulphuric acid 
exerts a dehydrating* action on the nitric acid produced, and 
causes the same decomposition as is represented in the above 
equation. # 

s 8. Blows. 

A “bfow” is an explosive liberation of gases from a retort 
by some outlet other than the normal condensing system, either 
the man-lid of the retort or a portion of the gas uptake being 
lifted by the pent-up volumes of vapours clamouring for expan- 
sion from the retort. (The roar of a powerful “ blow ” is some- 
thing to be remembered.) The chief cause of blows is no doubt 
excessive firing near the “Reaction” stage of the distillation, 
but the view is widely held that a blow may develop or be 
Assisted to develop by the sudden dislodging of a large bulk of 
hitherto unacted upon nitrate into the otherwise very active 
mass at the time of “ Reaction.” 

In charging a retort the nitre may lie in a cone-shaped 
heap. On wetting with sulphuric acid the peak of this cone 
may be partially isolated from the re- 
acting mass by a ring of soaked and 
hardened nitre. If the peak finally falls 
to pieces at the “ Reaction ” stage the 
conditions for a blow are present. To 
avoid this possibility, it is as well to 
straighten out the nitre charge *vith a 
long rake before running in the sulphuric Fig* 8j. 

acid. 

It will be readily understood that blows should be 
avoided, as they cause destruction of plant, entail lo^s- dT nitric 
acid, and endanger the health of workers. 

If a blow does occur, the fire should be *pu^ out*at once 
(if this has not already been done), and all^possible stc^>s takeq 
to cool off the retort by opening the fireplace door, explosion, 
doors, etc. 4 • • 

Workers should stand clear ready to make goqd the breach 
in the system as soon as the violence? has subside! l f su fifyeie n t 1 y . 
If the hot yapours impinge directly on to woodwork this may 
be set on fire, and a water supply should b5 available -to fltal 
with^uch cases. • 
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9. Cooling of Retorts. 

In normal easy working there is Usually an interval of at 
least several hours between the completion of one distillation 
and the beginning of the next in the same retort. , In intensive 
working it may be necessary to work successive distillations as 
rapidly as possible, and the question may arise as to When it is 
safe to recharge,, a retort which h^s just been emptied of nitre 
cake (“ tapped "). 



Fig. 86. — Flue Cooling Curve. 


* ^ V « 

After a retort is tapped the temperature of the metal rises 
owing *to the; raVliation of heat from the intensively hot and 
* enclosed brickwork ^of the combustion chamber and flues (see 
,p. 122 and Fig. 74). Only after the lapse of some time, depend- 
ing on a variety of circumstances, does the retort start to cool. 
If, therefore,, there is a desire for cooling the retort before 
recharging, the interval ^iven must be sufficient to allow for 
the above conditions, or the “cooling” period may chance to 
prtx/e just the revbrse, ^ith uncomfortable conditions of rapid 
distillation on charging. « • 
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cooling of Retorts , 

• * 

• 

In intensive working it is best to recharge immediately the 
retort is tapped. The introduction of the nitre and acid is 
then sufficient to keep the Charge sufficiently cool to prevent 
immediate distillation. In this case it will be seen that rapid 
charging of sulphuric acid is advantageous. 

The rate of cooling of the lowest circular flue of a retort 
setting is shown in the accompanying graph, Fig. 86. From 



this it is seen that the cooling is a very slow process in its 
later sieges. 

Fig. 87 shows temperature records of foyr thermo-electric 
pyrometers resting in the ftues of a pot during a* cooling-down # 
period between two distillations. • # ® 

10. Cracking of Retorts. ' * 

• • 

This subject has already been • referred to !>n p. 51, m 
connection # with the material for retorts. 

Cracking of a retort may be due directly to cyrrqpfpn, 
to alternate expansions and confections with consequent 
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failure of the metal, or to a combination of these. Rhead 1 
attributes the cracking of cast-iron nitration pans to the 
bursting pressure produced by th£ increase in volume due to 
corrosion. ^ 

Of 31 2-ton retorts which cracked in use at H.M. Factory, 
Gretna, the average life was 234 charges. Of 24 retorts which 
did not crack, the average life was 385 charges. The ‘retort of 
longest life worked 550 charges and did not crack. One retort 


jzt 



Fig. 88.— Full-si/ed Section of Circular Mushroom Patch, to fit on Inside of 
** * Pot Nitric Acid Stills. 

worked^ only 22 charges before clacking. This was a compara- 
tively fk?L ^tomed retort originally made for y.M. factory, 
Henbury. The average life of 5 Henbury retorts which cracked 
in use at Gretna was 4 7 charges* while 16 Henbury retorts 
averaged 93 charger, each without cracking. These figures 
tend Jo indicate that flat-bottomed retorts do not stand up to 
nitric retort-work as wt*ll as those with more rounded bottoms, 
fcfut as othej factors may t have been at play the evidence is not 
conclusive. * 

Repairing Cracked Retorts. — Various devices may be 

„ * 1 Chem. Traic /., 9th February 1918, in. , « 
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used to extend the life *of a cracked retort without having to 
remove it from its setting. The cracks may be cleaned and 
filled with various compositidhs, welding may be resorted to, or 



methods, patching has generally proved^ best. At GrctiTa the 
average extension of life of retorts by patching was $2 
charges, though in some cases the patches had tfc be refixed 
occasionally. The greatest extension of life by patching was 
252 charges. In.this case the patch was Tefixed twige. ## 

A common way of patching is \o fill in the cracjcs with 
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rust jointing, p. 127, to spread a thin layer of the same mixture 
under the patch specially cast for the purpose, and to draw this 
to its bed by J in. bolts. 

Various methods of patching are illustrated in Figs. 88 to 90. 

• 

11. Frothing and Boiling Over. 

Occasionally, and particularly when the distillation is about 
two-thirds through, there is & tendency for the reacting mass in 
the retort to froth up very considerably, even to the extent of 
oozing out at the man-lid, or to being carried alo*g with the 
vapours to the condensation system. Frothing is more notice- 
able when using weak sulphuric acid. This frothing must be 
reckoned with by having a retort of sufficient capacity to allow 
it to take place without overflowing. In addition careful firing 
•must be practised. Formerly a “catch pot” was always pro- 
vided before the vapours entered the condensation system 
proper to act as a trap for any reacting mass forcibly ejected 
from the retort. This “catch pot” should not be necessary, 
as there should not be any boiling over. 

12. Impurities in Commercial Nitricw Acid. 

The most common impurities are iron, nitrofls acid, chlorine, 
and sulphates. The sources of iron, nitrous acid, and chlorine 
have already been indicated (p. 162). Tra^c^ of •sulphate may 
get over into the condensing system* by actual transference of 
retort contents (boil over), or by high final temperatures leading 
to some dissociation of sulphuric acid. 

The nitric acid manufactured at II.M. Factory, Gfttna, had 
only traces of impurities, as is shown by the following typical 
analyses : — • 

• » Calculated »a 

Sulphate * ILSO,, # o-og$ per cent. 

Free chlorine and olhci halogen adds . 1 1 Cl • 0-032 „ 

Total foreign acids .... HN£>, 0-067 1* • 

If condensation of the nitric acid is effected at £is high k 
temperature as possible, the proportion of nitrous acid finally 
retained by the acid will be relativdy # small, a£ fdso the pro- 
portion of chlorine. * * 

Crawford 1 has found minute traces of tetranitrometh^ne, 

• » 1 /. Soc. Chtm. Ind. {Trans. )/i922, 41 , 321-24. # 

• * 
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c 

monochloronitromethane, and dichloredinitromethane in com- 
mercial nitric acid, their formation being probably due to the 
presence of traces of chlorides a'nd of organic matter in the 
nitrate of soda. 

Tetranitromethane and monochloronitromethane were founcj 
to cause very low heat tests when present in nitroglycerine. 



* Vahour, 

* IJcutlrucht d ru id 
- Bl«<ichrd tic id 


Fig. 91. -Sketch stow Method of Fitting Nitric Acid Bleacher to Stills. 

13. Bleaching. 

“Bleaching” is the process used for eliminating from 
concentrated nitric acid dissolved nitrogen peroxide and 
nitrogen trioxide, which impart t<? the acid a dark colour, with 
a view* | ob taining a whiter acid containing a lowgir per- 
centage of dissolved lower oxides. * • 

In sdrne condensation systems a device is made use of for 
bleaching the condensed acid by allowing it to flow over some 
packing material in a vessel receiving the hot gases direct from 
rbtort ( cf Skoglupd’s apparatus, p. 73). By this means 
tlje nitrous acid content of the final acid need never be above 
o - 5 percent.* Without JthiS bleaching device a good commercial 
acid of 92 per cent. HNO s cont'ent usually contains 0-5 to 10 
pe*£enL nitrous. *As an instance of this pyrifying action of 
the hot* gases', note^ is he^e made of a scheme put in operation 
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at H.M. Factory, Gretna, for reducing ,the nitrous acid content 
of nitric acid produced by distillation of nitro-cotton spent acid 
with concentrated sulphuric acid (See p. 179). 

This bleaching device was a large earthenware bottle 
packed with acid-proof earthenware ring packing, to thq> 
bottom of which the hot vapours from the still were led, and 
through which they travelled from the retort to' a Hart 
condensing set. « The condensed acid flowed down the packing 
and was run off from the bottom of the bottle. By this means 
a 92 per cea*. nitric acid had its HN 0 2 content reduced from 
2 to 2*5 per cent, to 0-5 to 08 per cent. 

Such a “bleacher,” but made of acid-resisting iron, is now 
an essential part of the condensing system at many works. 

Important Points hearing on Cost of Production. #) 

1. Efficiency of Recovery. 

Usage of Raw Materials. — The main items in the cost of 
nitric acid arc the raw materials, sulphuric acid and nitrate of 
soda, and it is therefore highly important that as much nitric 
acid as possible should be produced from the quantities of 
raw material Kscd. In other words, one should aim at 100 
per cent, efficiency of nitric acid recovery. The foregoing 
graphs (Fig. *92)^ torn the Second Report on Costs and 
Efficiencies for H.M. Factories, controlled by the Factories 
Branch, Department of Explpsives Supply, to which attention 
is directed for extensive information on this subject, give a 
clear indication of the effect of efficiency of production on the 
cost 

Note . — -E fficiencies shown on graphs are 2 per cent* lower 
than the~acrual plant efficiencies (vide Second Report; p. 130, 
para. 2). r * 

Efficient bontrol.— Economical' and efficient usage of raw 
materials can only b& brought about by, careful control. It has 
often 'beep shown that the most delicately adjusted apparatus 
and methods will not give good results in the hands of 
incompetent workmeq. Close attention to the charges of 
sulphuric acid and nitre is well repaid. 

r Jhe question of charging the retort is not the only one 
influencing efficiency of' recovery. There is the question of 
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actual recovery of available nitric acid, first in the condensing 
and then in the absorbing system. Bad working of the plant 
may result in “ blows,” with consequent loss of acid. Inattention 
to the joints in the condensing system may lead to serious 
loss of both gases and condensed acid. Inefficient working qf 
the absorption system may mean serious loss of potential 
nitric acid. It is evident, therefore, that for maximum efficiency 
in recovery of citric acid, the plant has to be run in the best 
possible manner, and neglect cannot be allowed to creep in at 
any point** Unfortunately, neglect very often docs occur, and 
unless good control is exercised over the workers by some- 
one capable of understanding the true meaning of efficiency, 
avoidable losses will certainly occur. 


2. Destructive Effects of Nitric Aci(f. * 

Maintenance of Plants. — Consideration of the comparative 
figures with reference to costs of production of nitric acid 
compiled in the Government Reports on Costs and Efficiencies 
already referred to, shows that maintenance of plant and 
buildings is otie of the most important of the lesser factors 
influencing th$ cost of production. 

The graphs on page 175 , from the same source as those 
on the preceding page, show the effect of high maintenance 
charges in putting up the price of nitric acid. 

Few commercial manufacturing processes are so destructive 
to plant and buildings as is the production of nitric acid. 
Leakage of nitric acid leads to rapid destruction of wood and 
iron work, to disintegration of ytone, to dissolution of mortars 
and eftmynts. with consequent destruction of built-up \$ r alls and 
floors. Leakage of nitric acid vapours results in'rapid ‘corrosion 
of iron work, sfnd in a tendency to general disintegration of 
t most bpilding materials. 

, Lack of attention, therefore, to the nitric plant involves 
njore than mere lo^s of efficiency. It involves the use of 
f additional labour to do necessary repair work, and puts up the 
costs pn aicount of renewals. 

It is perhaps as true in nitric acid plant as ajiywhere that 
neglect breeds ndglect, and once allowed tq creep in, slipshod, 
wasteful methods of procedure are sure to become ackitourtedged 

• t 
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as normal practice. This may be considered the moral aspect 
of efficiency. 

3. Labour Requirements. 

The cost f&ctor due to labour is also usefully considered 
by reference to Fig. 94, taken from the Government reporf 
previously mentioned. 

The question of properly proportioning the duties of workers 
requires some consideration, and it may generally be conceded 
that to ri^rq a plant efficiently with minimum labour it is 
essential that a good man, with true understanding of efficiency 
in all its aspects, be in control. 

Bleaching. 

This matter has already been referred to on p. 73 in* 
connection with Mhc removal of lower oxides of nitrogen 
from nitric acid at the time of condensation. Where this 
method is not practised, it may often be considered desirable 
to reduce the nitrous acid content of the acid as obtained in 
the receivers. This bleaching process usually consists of 
blowing air, preferably heated, through the acid in vessels 
suitably connected to some fume recovery system. Loss of 
nitric acid is possible in this process. 

4 

CO NC E NT RATI ON V ROC ESS E S. 

It is often found necessary, to concentrate solutions of nitric 
.acid, particularly in explosives manufacture, where for nitration 
purposes 1 ' only concentrated acid of approximately 92 per 
cent. HNO.j content can be usefl. Distillation of nitric acid 
alone does not serve to produce acid of a strength greater than 
68 per cent. IINO s , which acid is a constant boiling mixture of 
nitric acid and water. Acid of lower HNO. } content on 
distillation loses water until this strength is reached, and then 
tfie constant boiling mixture distils over as 68 per cent, 
nitric* acid. 

„ Concentration is usually effected by distilling weak nitric 
acid wffh Concentrated sulphuric acid. The sulphuric acid 
retains the bulk of the water, becoming itself dilute^, whilst the 
vob£ile t nitric acid distils over, carrying witji it only a small 
proportion of water. * - 
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This distillation js usually effected either from pot stills 
or in heated vertical columns, and numerous devices have 
been patented for this purpose. 

The question of mixing sulphuric acid with \^eak nitric acid 
in preparation for distillation is considered in Chapter V., p. 282, 
and the actual distillation will here be considered under the 

two headings of Pot Distillation and Column Distillation. 

• ■* 

Pot Distillation. 

The Still. — A retort such as is used for nitric <fcid manu- 
facture serves excellently as a still for the concentration of 
nitric acid. Thcrun-off pipe, 
which ordinarily delivers 
nitre cake, must be fitted 
Witfi % cast-iron valve and a 
delivery pipe for control of 
discharge of the weak sul- 
phuric acid resulting f^om 
the distillation. The nitric 
acid vapours may be Med 
from the still to any suitable 
condensing and absorbing 
system as already described 
under nitric acid manu- 
facture. 

A modification of the 
normal nitric acid retort used 
for recovery of concentrated 
nitric acid from diluted 
mixtures of nitric and sulphuric acid produced in nitration of 
cotton has no oytlet pipe cast with the body of the pot^ With 
this type of still, the residuyl sulphuric acid, aftc* distillation 
of the nitric acid, is discharged up a casj-iron or preferably 
Narki type pipe permanently supported vertically withirv the • 
still, and reaching to the* bottom, by the introduction of 
compressed air over the surface of tjie acid. InLsych a castf 
the vapour delivery pipe from, the still *is specially designed 
to allow a plug to be introduced when the application of air 
pressure within the still is desired. f . * ' 

Difting distillation a plug is lyted in at, A, Fig. 96, and 
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of fresh acids to the still. 


the vapours travel to the uptake pipes, and the condensing 
system. 

At the close of distillation the plug is removed from A, 
and another inserted at B and 
fastened down by a ‘'clamp. Tho, 
still is thus closed ready for dis- 
charge of acid up what is known 
as the “dip” pipe. This Narki 
dip pipe is bolted outside the 
still to a flanged lead pipe which 
serves for the discharge of the 
residual sulphuric acid to some 
receiving vessel. By a suitable 
arrangement of C.I. valves the 
residual acid discharge pipe may 
also serve for the introduction 
Such an arrangement is indi- 
cated in Fig 97. 

A small diameter iron pipe with a rubber tube connection, 
which may be clipped during distillation, serves for the 
admission of air at a pressure suffi- 
cient to lift the acid out of the still. 

It is very important that the min- 
imum air pressure' b ^jjsed, and a 
mercury manometer should be 
installed on the air supply* pipe as 
an indicator. Any considerable 
increase of pressure may lead to the 
lifting of the cover from the rstill. 

This c<£ver must be jointed securely 
to the sjill by a good rust joint to 
ensure a cloned vessel for discharge 
purposes. , 

• Xhe Distillation. — The distilla- 
tion presents no difficulties, and ro 
long as thq firing is good^ a rapid but 
steady* evofution of nitric acid may be 
maintained. Condensing, receiving, and absorption systems 
rrfciy be identical with * those already described under manu- 
facture of nitric arid, and thiis do not need to be outliAecf'here. 



Fig. 97. — Plan of Charging and 
Blowing Pipes. 
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Vapours begin tj f^ss over when the temperature in the 
first uptake pipe is 90° C. ' Most of the distillation is carried . 
on with the temperature registering 135" C. The temperature 
is pushed to I45°C. for completion. 

# By this process not all the nitric acid is obtained highly 
concentrated, but by collecting the distillate at various stages 
acids varying from 100 per cent. T.N.A. downwards may be 
obtained, the total run of acid averaging 90 -per cent. T.N.A. 
with only a small percentage of nitrous acid. 

Residual Sulphuric Acid. — The residual sulphuric acid in 
the still at the completion of distillation is at a temperature 
in the neighbourhood of 200" C, and the transference of 
sulphuric acid of 78 to 80 per cent. ILSO, content at this 
temperature is a somewhat difficult problem. Many methods 
•have 0 been* used, but generally the plant requires a good deal 
of attention and repair. Lead pipes laid # in water troughs 
become distorted and tend to choke rapidly with ferric 
sulphate. Open lead launders lying in troughs containing 
running water are more successful, but become very distorted 
and entail a lot of upkeep. Perhaps the best method is to 
receive the hot discharge in as large a volume as possible of 
previously discharged and cooled acid, using •cooling coils if 
necessary. For this purpose steel tanks and cooling coils 
should be possible if the acid is of 7 A pm* cent. ILS 0 4 

content. Where necessary the uncooled acid might be conveyed 
along cast-iron or steel launders lined with acid-proof tiling. 

Column Distillation. * • 

v When a mixture of sulfuric and nitric acids is allowed 
to flow down a cast-iron column packed with quartz aJid built 
in the 'flue T)f a fire, denitration of the mixture is readily 
effected. The nitric acid vapours may be taken, from the top 
of the column to a suitable condensing system, yhile tlje * 
denitrated sulphuric add is run off from the bottom of the 
column and passed through a cooler tp storage. 

The upper portion of the column is best made of Naijd 
type metal, and over the up^per laye* of quarts poking a 
Narki distributing plate is provided. From experience with 
this column it would appear best tj> disfributc. mora mixed 

acid ‘to ;he sides of the column than down the centre. • 

* • 
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The accompanying drawing, Fig. *9^ shows the general 
arrangement of a column capable of denitrating 8 to 12 tons 
of mixed acid in twenty-four hours. 

The following table gives results obtained on denitrating 
nitro-cotton spent acid of the approx, composition 6i per cento 
H.mSO,, 20 per cent. HN 0 ;J , 19 per cent. ILO in such a 
column : — 
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Rescue Apparatus. 

On works where nitric acid is made or handled, it occasion- 
ally happens that atmospheres are created which are highly 
poisonous. Chlorine, nitrosyl chloride, and nitrogen peroxide 
are liable to be met with in objectionable quantities when 
some mishap occurs. For such occasions it is advisable to 
have handy $om<j- fw^of rescue apparatus, so that if it is 
necessary for any worker to enter the poisonous atmosphere, 
he may do so without dangers 

Various types of self-contained oxygen-supply apparatus, 
such as have been introduced for coal-mine rescue work, are 
available, and they are quite satisfactory to use. The principle 
of sucti^/in apparatus is that for a known period thenvearer 
is independent of the surrounding atmosphere^ oxygen being 
suppliccffron\,a Cylinder and the carbon dioxide in the expired 
a,ir being absorbed in caustic soda. Needless to say, any such 
apparatus must be kept carefully and inspected periodically, so 
that it shall be in perfect order whefl the call comes for its use. 

* Owing tovthe rarity of any mishap requiring the use of 
such a p apparatus, there is always a danger of its vital 
necessity being disregarded, with a possibility that when an 
occasion arises for' its u^e, it is found only .after a hunt, and 
then unfortunately, with its oxygen cylinder empty. • 
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Three types of oxygen-supply apparatus used by the 
author are:— , 

The Huskisson— half-hour ; self-rescue. 

The Salvus — half-hour. 

The Meco, with helmet — two hours. # 

It is a good plan to provide a special locked cupboard, 
with key undev glass, where the rescue apparatus can be 
kept, and along with it such auxiliaries as the following 

Rope, ^Pyrene fire extinguisher, Rubber gloves, Goggles, 
Electric hand lamp. 

It is important that at least a nucleus of the worker's on 
acid areas should receive careful instruction in the handling 
of such self-contained rescue apparatus. ,. 


Respirators. 

As a result of the use of poisonous gases for fighting 
purposes during the recent war, there are now available handy 
respirators of the army type for industrial purposes. 

A respirator consists essentially of two parts : a face-piece 
and an absorption apparatus. The face-piece may consist only 
of a mouth-piec^ a;^d nose-clip, but this form causes much 
discomfort and affords no protection to the eyes. The second 
and more recent form is a complete mask of rubber fabric with 
eye-pieces of “ Triplex ” glass so arranged that the incoming 
air passeL dver the inner surface of the glass, thus preventing 
dimming by moisture from the € breath. This form requires 
neither! the use of a mouth-piece nor of a nose-clip, ar$ may 
be worn* for a much longer period than the former type. The 
purifying canister is of the form used in the small military box- 
form respirators, and the substances employed for absorption 
should have a high Capacity and rate of. reactivity for the gases 
to be' removed from the inspired air. The absorbent found 
useful for a^id gases r consists' of granules of slaked lime, 
kiesclguhr, ^pd ferric hydroxide along with absorbent charcoal. 
Where *smoke and acid mists are to be encountered, it is 
adji^able also to include a pad of fine felt $s a filter . 1 

1 L. Lfvy and G. W. West,/. Soc. Chem. Ind. ( Trans.\ 1921, 4b, 235. 
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MEDICAL EQUIPMENT 

• l * 

Fietdner, Teague, and Yoe 1 state that army gas-masks 
should never be used ‘in atmospheres containing less than 
12 per cent, oxygen by volume. The non-oxygcn-supply type 
of respirator may be successfully used in atmospheres of 
^relatively low poisonous gas concentration for short periods, and 
has the great merits of handiness and simplicity. It should not 
be regarded, however, as universally safe, and in cases of doubt 
the oxygen-supply type of apparatus should be used. 

As a protection against the irritating effect of acid mist, 
and for very short spells of use, pads of cotton wooi'and gauze’ 
previously damped, may be used to cover the mouth and 
nostrils. 

Acid Burns, Poisoning uy Acid Gases, 
m Medical Equipment. 

Dr G. A. Welsh, medical officer for the/ Dornock area of 
H.M. Factory, Gretna, during the war, has kindly placed at the 
author’s disposal a complete report of his experiences in the 
treatment of acid burns and gassing arising directly from acid 
manufacturing plants atid from nitro-cotton and nitro-glycerine 
nitration plants. The report covers 4028 slight* 226 severe, and 
38 serious acid burns, and 361 cases of gassing, Trom which it is 
seen that Dr Welsh’s experience in the treatment of such cases 
has been very extensive. + • 

The use of raw untrained labour, largely of poor quality, 
resulted in the number of accidents being greater than would be 
considered normal. 

Apart from a detailed list of individual cases,’ Ifr Welsh’s 
report is given in substance below. 

Iinthc case of a small factory or plant where it is nojjfcasible 
to retain the services of a medical officer, there is no reason 
why an external .medical authority should neft b # e called in to 
advise as to first-aid equipment. At least one of the qnployeys 
should have had a recognised training in first-aid work, and he 
should be made responsibly for the superintendence ©f aU first- 
aid equipment. A small room in the administrative offices, 
provided with a hand basin, # camp*bed, and simple ijiedicine 
chest, should be set aside as a dressing station, and this room 

should be kept scrupulously clean. • 

6 * 

1 J . Ind. Eng . Chem . u i <) i % 11 , 62^-23. 
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Acid Burns— by Dr G. n A/ Welsh. 

General Considerations— In ‘ dealing with the subject of 
acid burns in a factory such as H.M. Factory, Gretna, where 
the productiotf of acid is on a large scale and constitutes a© 
engineering as well as a chemical problem, I propose to do so 
by introducing short descriptions of things not purely surgical 
which will elucidate the points*- 1 want to emphasise. For 
the purpose of descriptions 1 have divided those working the 
plant int<)»(f!) operatives whose work is chiefly chemical, and 
(/;) operatives whose work is chiefly mechanical, though in 
practice it is difficult, I admit, to maintain such a hard and 
fast distinction. In the case of (a) it is possible to protect 
the exposed surfaces, eg., the hands by rubber gloves, the 
eyes by goggles; in the case of (l>) it is not so possible, ^s the 
workman is using tools and cannot work so efficiently if his 
touch is dulled or his sight in any way blurred. This was the 
attitude of the workmen and made it very difficult to adopt 
precautionary measures. This fact is important because in the 
majority of cases the escape of acid from a closed system is 
due to an accident closely connected with a breakdown in the 
machinery. Itr is also germane to mention that the escape of 
acid was often sudden and with considerable force behind it 
due to the pressure i tLthe system. 

The mechanical operative in the ordinary course of employ- 
ment soils his hands, and when the accident happens the acid 
comes in contact with the dirty surface, in many instances with 
abrasions and cuts. It did not take me many visits of inspec- 
tion so see how dirty some of th<j hands of the workmen were, 
and to*appreciate how difficult it would be to preventt-sepsis. 
The importance of this point was speedily impressed upon me, 
as in tlnr early days I saw numerous cases where the acid burn 
* was so slight 'it gave the workman no concern at the time. He 
only reported for treatment when sepsis developed, and this 
caused an unnecessary prolongation of the period of incapacity. 
To remedy this I recommended the Section Manager to issue 
instruction^ for every c£$e of acid burn to report at the 
dressing station. The nurse fiad instructions tp clean the 
biyped^part and surroundings thoroughly before applying the 
final dressing. It took some time for this advice fo be 
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CID BURNS 

appreciated at its proper value; but eventually there was a 
general conversion, and'maiy hours of labour were saved to 
the factory, and there* was a smaller Compensation list. 
Arising out of this description I wish to emphasise three 
joints: (i) that it is of prime importance to protect as far as 
possible exposed surfaces, e.g. } the hands and the eyes ; (2) that 
it is essential to take every step to avoid sepsis ; (3) that the 
operatives should be taught* to look after the state of their 
hands, and pay special attention to cuts and abrasions. 

Varieties of Acid. — The acids manufactured aft concen- 
trated sulphuric acid, oleum, and concentrated nitric acid. 
Further, these acids are mixed in varying proportions to pro- 
duce mixed acids for nitrating purposes. In addition to these, 
the spent acids left after nitrating are denitrated and weak 
*ul{?hyric a#id and nitric acid recovered for further use. During 
the course of this denitration process, the tdnperature of the 
acid is raised to a considerable degree : in the case of weak 
sulphuric acid a temperature of 200“ C. is reached. Lastly, 
there is a by-product got from the manufacture of nitric acid, 
an acid sulphate of sod A called nitre cake, which is discharged 
from the retorts in a molten state at about 150 C. to cooling 
pans, ft follows that an operative may be burned with oleum 
alone, with sulphuric acid alone, with nitric acid alone, with 
mixed acid, or with nitre cake at a hijjh t^mp^ratflre. 

External Appearances. — It is possible to recognise by 
external appearances the action# of these different acids on 
the skin. Oleum and sulphuric acid produces a greyish-brown 
colour, nitric acid produces a bright yellow discoloration, 
nixed acid produces a reddish-brown colour with a faint 
yellow* in it, the yellow being most distinguishable^^ the 
margin of thte^burn. There is in the early stages little con- 
gestion of the surface when there is no heat* acting \ r ith the 
acid. When a burn is inflicted with an acid at a high tempera- 
ture, or with the molten nitre cake, there *is well-marked con- 
gestion, and bulla: are quickly formed. # This congestion masks 
the colours produced by the same acid in the coW state. Fqr 
purposes of treatment it makes no *difftrence whal: cqjd acid 
produces tha burn, and there is only a difference in technique, 
not in principle when the part is scalded as*well as burped J>y 
acid. * Concentrated sulphuric acid or concentrated nitric acid 
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falling on the skin of the hands ajid speedily treated will 
produce very little effect, a weaker ‘acid with heat produces 
a burn which gives more trouble! Bilrns of a mucous surface, 
e.g, the lips and inside of the mouth, and a burn of the eye 
cause a marked reaction and take longer to heal . , 

First-Aid. — In dealing with acid burns everything depends 
upon the promptness and thoroughness of the first steps taken 
to treat them. ^ We have here a* first-rate example of the im- 
portance of what is known as first-aid. 

First-iud boxes containing the necessary articles for treat- 
ment, and buckets of clean water, were placed all over the 
plant within easy reach of every operative. 7'hese appliances 
were regularly inspected and maintained. In addition to 
this, as I mentioned earlier, every case was reported to the 
nurse, who inspected simple cases and reported, all severe 
cases to the doctor. All severe cases had the final dressing 
applied by the doctor. Cases where a mucous surface was 
affected, or the eye burned, were personally treated by the 
doctor. These boxes contained the following materials : — 
I lb. white wool, i lb. picric wool, i lb. white lint, I lb. boric 
lint, i Winchester quart saturated solution of sodium carbonate, 
I bottle (i 6 oa) Carron oil, i bottle (4 oz.) iodine solution and 
brush, 4 oz. picric gauze, 4 oz. cyanide gauze, 4 oz. white 
absorbent gauze^ 1 ^loz. each 3", 2", 1” O.W. bandages, 1 doz. 
each 3", 2" Dommett? u bandagcs, 1 reel adhesive plaster, 1 
bottle (4 oz.) sterile castor o^, 1 bottle (16 oz.) boric lotion 5 per 
cent., 1 eye-bath, 1 glass eye-rod, 6 triangular bandages, 6 unit 
doses chloroform solution (Spt. Chlorof. m. 20, Liq. Strych. m 3, 
Aq. 5 iv.), 1 doz. seidlitz powders. # 

Note . — Adjacent to the first-aid box was another box 
containing a cylinder of oxygen provided with\key, reducing 
valve and indiaiubber tube connection with vtilcanite mouth- 
piece. * * 

Treatment.- -Td ensure promptness of treatment, a brief 
description of what is to be done was printed and circulated 
to the section managers and those in authority acting under 
them. ^ h\entually ,the!>e rules were incorporated in the 
Factory Rule Book so that each operative might have the 
information. • 



189 
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Plant Instructions.— Get rid of surface acid by the 
application of clean water to the part; this may be done by 
immersing the part in a ’tub of water, by playing a hose on it, 
or by laving water on it if it is the face or head. 

• Neutralise* the acid in the part by applying the alkaline 
solution and allowing it to act for ten minutes. 

Gently dry with cotton wool and apply moist picric acid 
gauze. • • 

Cover the surface with a layer <>f cotton wool and keep in 
position with a bandage lightly applied. * 

The person who is burned should not be allowed to move 
the affected pa?rt. If the arm is burned a sling should be 
applied ; if the legs are burned a stretcher should be used. 

lie should be seen by the doctor as soon as possible. 

• Vjien fche part affected is the eye or the mouth, it should 
be washed with alkaline solution and oil applied over the 
surface. 

Eye Treatment . — I. Immediately wash the eye well with 
the saturated solution of sodium carbonate. 

N.B . — An eye-bath is placed in the first-aid box. 

2. Drop one or two drops of the sterile caste* oil in the eye. 

3. Cover with a pad and bandage. 

4. Report the case at once so that a ^octor may see it as 

soon as possible. * 

The dressing station was centrally situated, well heated, 
equipped with sterilising apparatus, and had aiflple bath 
accommodation and four bed^ for the detention of any serious 
cases. • • 

No patiefit was brought to the dressing station until all 
surface acid had teen got rid of by ample treatment Vith cold 
water. In the case of plant adjoining the station, the further 
stages were carried out? at the dressing stStion. In the case of 
outlying plant, the dressing had been applied and was removed 
for inspection on arrival. * * # 

On arrival the nurse obtained the history of the* cas£, and if 
a simple case, dressed it and reported afterwards. In severe 
cases the nurse reported by telcphone f and jfroceeded to j)rep#re 
the {fhttent for examination, being f particularly care’ful t£> remove 
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all acid-soaked clothing before cleaning up the affected area and 
surroundings. 

Before dealing further locally* with a severe case, e.g. t one 
in which an extensive surface or a special area such as the 
head, face, nebk, or eye was badly affected, L always too|£ 
precautionary measures to combat shock. The patient was 
treated in a temperature between 65° and 70° F . ; he was 
given a hot drink, milk or bo>ril, and a 60th of a grain 
of strychnine hypodermically. The cleaning and soaking of 
the burned area with alkaline solution having been thoroughly 
attended to, moist picric acid gauze, strength 1 per cent., was 
applied, and the part covered with sterilised ootton wool and 
lightly bandaged. The alkaline solution which I used vfois a 
saturated solution recrystallised sodium carbonate. This I 
found to be a very useful agent for cleaning the p*>rt aj welV 
as neutralising afcy free acid in the tissue. During the acute 
stage of the burn the dressing was changed twice daily, moist 
picric acid gauze being reapplied over the area. This was 
continued until healing was well advanced ; this dressing was 
then changed for sterile plain gauze wrung out of normal saline 
solution. If the covering of the surface with epidermis was in 
any way delayed, I applied sterile gauze soaked in a solution 
of hydrogen peroxide (10 volumes). In cases where sepsis 
developed, I substitu ted f or the picric acid gauze, gauze soaked 
in hydrogen peroxide, the* pus being gently swabbed away from 
the surface with normal saliy.c solution. When blisters were 
present over the burned area, I left them untouched for twenty- 
four hourt;;' they were then pricked, being careful to make a 
small opening, and as much of t,he fluid as could be removed 
dried off. On or about the third day the superficial lay/?r was 
excise(T"by means of scissors and the picric acid dressing 
continued'. * 

Eye Oases. — In the case of a moderately severe burn, these 
consist in the eedefna of the conjunctiva, with well-marked 
injection of the burned part and its # surroundings, severe pain 
is complained «>f, and photophobia is marked. If a concentrated 
acid gained Entrance tp the eye in any quantity, there is very 
quickly developed stasis in the corneal lymphatic system, and 
th^^ornea becomes quite milky even to tjie extent of the 
obliteration of the pupil. • ♦ 
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TREATMENT OF ACID BURNS 

Treatment. — As soon as possible after the burn was 
received the whole ot tie conjunctival sac was douched with 
the saturated solution of'sodiflm carbonate. In the majority of 
cases this was done on the plant. The further treatment con- 
sisted in instihing 3 or 4 drops of 1 percent, solution of atropine 
sulphate, andwhen the pupil became dilated a few drops of 
sterile cantor oil. The eye was then covered with a pad soaked 
in boracic solution and a bandage applied. Further treatment 
consisted in washing out the eye night and morning with boric 
solution, and once in twenty-four hours instilling a fe'jrdrops of 
sterile castor oil into the sac. 

Explanation,— Before leaving the treatment of acid burns, 
it may be useful if I shortly summarise the points I consider 
important, and at the same time explain the general principles 
<^n \fhich the treatment is based. 

An acicT progressively destroys the tissue so long as it 
is potent, and only ceases to act when its corrosive property 
is destroyed ; the more quickly you get rid of surface acid and 
the more thoroughly yoi! render the acid in the tissue inert by 
neutralising it, the more, you limit the ultimate damage done. 
The cicatrix left after healing is in direct proportion to the 
amount of tissue destroyed, and I need scarcely add that in the 
case of the face and eyelids this is a matter of great importance. 
The thorough cleaning of the burned area audits surroundings 
are steps taken to prevent sepsis, with its attendant danger of 
absorption and system poisoning, tjte production of weak tissue 
in healing, and the formation of a dense and more unsightly 
cicatrix. * 0 

In the dressing of the wound the substance used should 
beanti^ptic and as little irritating as possible ; it shoulcWnot be 
oily in character except in the case of the conjunctival sa?* or a 
mucous surface, *nor should any greasy substance be appli°d to 
the skin surface. l J ain is better dealt with by local application 
if possible, and the use. of narcotics shoidd be restricted to 
very severe cases. Ficric acid is an ideal substance ; iJts adtion 
in precipitating and combining'with the albumin »f the tissue 
forms a covering which is antiseptic a fid protectivc # 5nd at the 
same time allays pain. It has & property like that of carbolic 
acid in finding its way into the deeper tissue and acting 
I prefer # to use it as a gauze and n& as a solution painted 
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on thq surface. Its action is really on the same principle as the 
French substance ambrine, in sealing up the surface of the 
damaged area with an antiseptic ?ayer. f In the case of ambrine 
it is essential to dry the surface, otherwise the high temperature 
at which it is applied in the presence of moisture, will scald thg 
tissue. At this stage in the treatment of acid burns where 
the tissue has been soaked with an alkaline solution to neutralise 
the acid, it is nqt possible, nor is it desirable, to attempt to dry 
the surface, and for this reason I think a better result is got from 
picric at* L which can be applied at a safe temperature. The 
final results of the picric acid treatment are very satisfactory, 
and it is rare to have to graft skin. I have not, seen any cases 
where cheloid developed in the cicatrix. In several of the 
cases where eyelids were affected, a plastic operation to relieve 
conditions like ectropion was necessary. In thg treatment 
of eye cases I find that atropine relieves pain quite as much as 
cocaine, and has this advantage that its dilatation of the pupil 
is more lasting. 

Effects of the Inhalation of poisonous Gases. 

The gassing conditions dealt with arc chiefly those met 
with in nitric freid practice, reference being made to nitric acid 
vapour (mist), chlorine, nitrosyl chloride, nitrogen peroxide and 
carbon monoside;— from producer-gas. 

General Considerations. — The effects of a gas or an acid 
mist vary according to the quantity inhaled. If a sufficient 
quantity is inhaled at one time the condition is properly 
called gassing. The signs and symptoms are acute, and except 
in the case of CO, arc for the jnost part due to the irritant 
action r of the gas. There is another aspect, however*' which 
must hot be lost sight of : if this same gas or mist is inhaled 
in small' quantities over a long period, it is capable of causing 
ill-health. I propose to deal with these cases separately ; 
they arc cases of system poisoning, and not gassing. I will 
also 'deal separately with carbon monoxide, which is not an 
irritant gas tike the others. There are, of course, differences 
in the effetits produced. Some workers stand larger quantities 
than others, a high degree of resistance being developed 
in Jhose thoroughly acclimatised to the wqrk. A new hand 
is more readily affected than one who has been a *year on 



| GASSING 193 

the plant, and a forejnan of long experience may be little 
affected by quantities *wnich* knock out the other less acclim- 
atised workmen. Striking * examples of this are found 
on plants where the gases are highly irritant and where, 
caving to th^ nature of the operations, they are more 
frequently found in the atmosphere — nitric acid retorts, 
acid-mixing, and nitric acid stills. In this connection it is 
of great importance that evtry worker should be medically 
examined and classified for work. A man with weak eyes, 
or who suffers from pharyngitis, laryngeal catarrfffor any 
lung affection, is not a suitable person for work on an acid 
plant. I have records of cases where the inhalation of a 
moderate amount caused a severe attack of bronchitis in a 
person predisposed to it, and of others where it directly caused 
apqute^centjung tuberculosis to become active. 

Effects of Various Gases. — Volume for Volume the com- 
pounds of sulphur and oxygen arc not as dangerous as the 
compounds of nitrogen and oxygen or the compound NOG. 
In a similar manner 1 may state that the vapours of sulphuric 
acid are not as harmful As those of nitric acid. A gas which 
is an anhydride, r^ r , SO., or NOj, does not affect the skin; 
it causes smarting of the eyes and lachrymatiorf, and acts on 
the mucous membranes of the mouth, naso-pharynx, larynx, 
and bronchi. A gaseous vapour, sujphyric ^icid mist or 
nitric acid mist, in addition to affecting mucous membranes, 
tells of its presence by irritating the thin epidermis on the face 
and back of the hands. 

Gassing. — A person who is gassed by an irritant gas 
complains first that he has # difficulty in inspiration. His 
inspiration is shallow and frequent, and he coughs at if 
he attempts to breathe deeply. With this there is breathless- 
ness on any exertion and thumping of the heaft on tflb*chest 
wall. He says that his chc # st feels tight, and there js also # 
a feeling of constriction* in the larynx, boon he complains 
of dryness and burning in the pharynx, and there is evidence 
of laryngeal irritation in the fofm of a sRort persistent cough.* 
He develops a headache with throtfbing over the tegiples, 
feels sick, aryl in some cases ‘actually vomits. He has an 
anxious expression, feels ill, and has a full* bounding guise* 
cyanosis rfnay show in the face and thumb naifs. £n the 
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counfc of an hour or two there is a slight rise of temperature. 
Physical examination of the chest shows harsh vesicular 
breathing and occasionally there are some low-pitched ronchi, 
the heart rate is frequent, and the sounds are accentuated. 
If it is a severe case the extraordinary muscles of respiration 
are called into play. The severity of these symptoms varies 
with the amount inhaled. 

In order to estimate the gravity of a case it is essential 
to know what is the substance causing gassing. With this 
knowledge, and judging from the severity of the signs and 
symptoms, it is possible to give a fairly accurate prognosis 
in all cases except those of NO., and nitric acid mist. In 
the case of N0 2 and nitric acid mist one must be very 
guarded, because the effects may be slight at the time, and 
give no indication of the amount of damage done to' thfe 
lung. Such a case may become suddenly ill some hours 
afterwards, and develop acute capillary bronchitis of a suffo- 
cative variety with eedema of the lung. Cases where Cl or 
NOC1 is the cause may appear very alarming at the time; 
but one knows from experience that the chances arc in favour 
of the signs and symptoms settling down, and recovery taking 
place. The urgency of the symptoms in these cases is due 
to spasm more than tissue change. Expectoration of blood 
is a commoft occurrence in gassing; if it is small in amount 
and mixed with mucus, it is not of serious import; it may 
persist for tw r o or three days A large haemoptysis is evidence 
of pre-existing lung mischief. In N0. 2 cases expectoration of 
a blood-tinged serous fluid is a grave sign, indicating capillary 
bronchitis with oedema of the Ring. Severe cases of gassing 
wer^.k’ept under observation in the rest-room until all dangerous 
symptoms subsided. In the majority of cases the urgent 
symptoms subsided in twenty-four hours, a few lasted for 
forty-eight hours; it was then a question of dealing with 
what w r as left, pharyngitis, laryngitis, bronchial irritation, or 
bronchitis. For a few days the patient complained of being out 
of sorts, restless, without appetite, constipated, and sleepless. 

A ( moderately severe case of gassing, which resolved without 
complications, was able to return to work in from seven 
to ten days. Afiy complication, eg., laryngitis or bronchitis, 
of necessity prolonged the incapacity and rendered dt unwise 
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to return the operative to work until it was fully cleared up. 
I always gave such cSlscs a'jhange of air and surroundings 
for a week before certifying them fit to return to work. 

Gassing with carbon monoxide presents a different picture, 
af CO is nothin irritant gas. It acts, as is w'ell known, by 
combining witlr hoanoglobin to form CO-haunoglobin, causing 
a deficient supply of oxygen to the tissue. Its affinity for 
haemoglobin is greater than* that of oxygen, ftnd if present 
in the air breathed, its gradual absorption displaces oxy- 
hemoglobin. 

In all cases of CO poisoning which occurred, with the ex- 
ception of two, the men inhaled the gas in small quantity, and 
were °not seriously affected. The)' were working alongside 
other workmen, and their condition was recognised in the 
cfcrly §tag%i. The two seiious cases inhaled the gas in a 
close space ; they were working alone and were found uncon- 
scious, one suffering from epileptic convulsions, and the other 
from heart failure. The case of heart failure was that of a 
chemist who walked out of his office, which contained CO, 
into the cold air. Both crises recovered. 

Treatment of Gassing. — • 

Preventive. — It is very important to thoroughly acquaint 
the operatives of the dangers they run by iqjialiftg poisonous 
gases. This was systematically done, and warning notices, 
especially in connection with nity>gen peroxide, were posted 
on the plant and incorporated in the workmen’s book of 
Factory Rules. • 

# The wearing of respirator by operatives was carefully 
considcv-d, but after many trials it was discontinued? J’he 
operatives themselves did not like wearing them, and as the 
examples of gassing were generally the oufcomc df *somc 
accident, it was impossible to be sure that the operative would # 
be wearing a respirator fit the time. As an exception there 
is one case I would like to mention, that of the nitw-cotton 
dippers. They wore a simple r&spirator of moist totton wool # 
well over the mouth and nose. Thfis Wapped the vapours 
from the mi\ed acid up to a Certain point, and they felt the 
benefit of it, but it.could not be called efficient. Short of»g 
self-coatained apparatus nothing was found to* trap N0 2 
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fumes efficiently. It sometimes happened that a building 
might rapidly fill with fumes a£ the ^result of an accident, 
and for this emergency we had a self-contained apparatus, 
the Meco, which was used (see page 182). 

First- A ii) Treatment. — T he following instructions wej*e 
printed in the Factory Rule Book : — 

Nitrous Fumes . — To treat a person gassed with brown 
nitrous fumes— remove at once <to the fresh air and lay out 
flat. If a severe case, he should be carried out and not 
allowed 'to walk. 

lake care the heat of the body is kept up by covering 
with blankets, and if need be, use hot-water bottles. 

One dose of chloroform solution should be given at once 
and the patient seen by a doctor as soon as possible. 

N ./>. — If there is marked difficulty in breathipg, or if tfee 
face is dusky blue in colour, oxygen should be administered 
at once. 

Carbon Monoxide . — All workers are warned that carbon 
monoxide is one of the constituents of producer-gas. When 
this gas is inhaled in a closed space it may cause serious 
illness to the vorker. 

A considerable quantity may be inhaled before its effects 
are produced, and the worker may become unconscious without 
feeling much tht; matter beforehand. 

Giddiness, shortness of breath on slight exertion, thumping 
of the heart, and an unsteadiness in the legs are the symptoms 
which may first show themselves. 

t 

To treat a person gassed with carbon monoxide, he 
should’ be at once removed from the poisonous atrqpsphere, 
but not brought suddenly in contact with cold air, as this 
may « produce serious condition from heart failure. The 
person^should not be allowed to' walk, but should be carried 
out into a pure atmosphere and kept warm with blankets 
anJ hot bottles. If the breathing is shallow or has stopped, 
artificial respiration ' should be at once begun, and oxygen 
administered from a* cylinder. The doctor should be informed 
at once of such an occurrence, and unless the person is too 
geriously ill to be removed, he should be, taken to the first- 
aid station without any delay. t , 
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In slight cases a dose of chloroform mixture, followed* by a 
seidlitz powder and a*few hours’ rest, was quite sufficient. If 
the case was more severe it was taken to the dressing station, 
and the patient was put to bed and plenty of fresh air allowed 
t$ play round ^ibout him ; his bodily heat was maintained by 
means of blankets and hot bottles until a state of mild perspira- 
tion was reached. Marked difficulty in breathing and cyanosis 
were treated by administering oxygen. A dose of chloroform 
mixture was administered every four hours, and in the way 
of food nothing but hot milk was given. ~ 

In the case of NO, poisoning, the administration of oxygen 
was continued until all signs of danger were passed. 

Dbath from Nitrogen Peroxide Poisoning. — Only one case 
of gassing had a fatal termination. This was a man who 
v*as ^prkin# in a closed space, inhaled the vapours of fuming 
nitric acid, and died from the effects of nitrogefi peroxide. 

Cases of System Poisoning — From time to time examples 
of what are called system poisoning came before my notice. 
This happened in operatives who had never suffered from 
gassing, but who froir> time to time had inhaled small 
quantities of fumes. I have no doubt, after careful inquiry, 
that it was the inhalation which caused the Condition. A 
common history was that the onset was gradual, that the 
condition became worse after each successive inhalation, and 
that eventually the patient became unfit for work. Such a 
case was anaimic, complained of Jieadache, sleeplessness, loss 
of appetite, loss of energy and capacity to do work. The 
case suffered from a torpid dyspepsia, with marked ftatulence 
aqd constipation. In treating these cases I found that as 
long as, they were kept at work no system of treatment 
benefited they* condition. As soon as they were removed 
from work and Sent for a change of air, very sknple trfcajment 
put them right. Yhe most* successful method oT treatment 
for these cases was to put them on a light fluid diet ancf 
treat them with an alkaline saline mixture. _ # 

A number of cases from hihalation* of smaM quantities 
suffered from acute gastro-enteritis. P afsp saw ope/3tives with 
numerous ulcers affecting the fips, buccal mucous membrane, 
and pharynx. Th^se ulcers were intractable and resisted ^1 
forms of treatment as loner as the patTent remain^ at work ; 
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when he was removed from work a simple mouth-wash sufficed 
for their healing. A number of c^es complained of naso- 
pharyngeal catarrh ; this also* resisted treatment till the 
patient was removed from work, when simple methods cleared 
up the condition. I have seen no cases which would lead 
me to say that those cases of system poisoning resulted in 
any permanent form of incapacity. ' 

I have seep, no cases in which jaundice was a complication, 
nor have I seen any cases where the anaemia was intractable. 

Tlte^uestion of the effect on the teeth came up from 
time to time, and after sifting every case, I have seen no 
instance where the fact that they were working in an atmo- 
sphere of gases and vapours caused decay of sound teeth. On 
the other hand, evidence seems to show that in a tooth which 
was already diseased, the process of decay was more rtipid. 
Operatives weretwarned in every case to pay special attention 
to the cleansing of their teeth. 

Clotiiinc of Workers. 

Conditions met with in working with nitric acid are very 
hard on clothfng, and it is desirable that the employer should 
provide special clothing for the workers. 

Thick woollen cloth stands up to nitric acid work better 
than any other, vhilst cotton goods arc useless and dangerous. 
During the recent war reject army and police clothing proved 
very satisfactory. • 

For footwear, clogs with thick wood soles are much more 
serviceable than boots. Two points ought to be noted in 
regard to clogs in order to make them comfortable in weur, 
viz.^»tlie soles should be shaped to the natural lie r of the 
foot, and they should be provided with supplb leather tops 
as usually .provided for boots. .Tops taken from otherwise 
e worn-opt boots do very well for clogs. 

• 

"■ % Commercial PyRE* N itric Acid. 

Pure AUric acid js required only to a very limited extent, 
chiefly for chemical laboratory purposes. It may be prepared 
bj; redistillation, fin glass or silica ware % vessels at a low 
temperature, with selection of the middle portiop .pf the 
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distillate. For analytical acid, traces of haloid acid^ ant 
sulphuric acid may*bf # prevented from distilling by fixing 
these with silver nitrate and barium nitrate respectively 
Dissolved lower oxides of nitrogen may be removed b) 

blowing warmed air through the distillate. • 

• 

*% 

. Usage of Nitric Ann. 

Unite*! Kingdom. 

The pre-war usage of nitric acid in tin* United Kingdorr 
amounted to about 14,000 tons, reckoned as 100 per cent 
UNO,. 

As a result of the growth of the synthetic dye industry 
the usage in normal after-war periods may rise to about 3000c 
tons. 1 


m 

US. A. 2 

« 


1900 

li>O r >. 


lb. 

lb 

Production . 

63,084,722 

108,308,387 

Consumption • 
Dyestuffs . 

1,703,(60 

663,585 

Explosives . 

35,55 3/»oo 

82,676,800 

Fine chemicals 

,83,667 

V' 5°5 »» 7 o 

General chemicals 

35VJU 

4,256,11 1 

Parting metals 

10,221,786 

6,810,273 

Plastics 

2 , 071 ^ 6 ') 

<l,7>o,45i 

Refining metals . 

8,000,000 

3,000,000 

All other uses 

. 4,297,826 

' 1 , 757,297 


Cost of Production. 

The pre-war cost of making concentrated* (90 per cent.' 
nitric acid in Britain by the* retort process, with Chili nitrate 
at £10, 5s. per ton and rectified sulphuric acid at ^3 pei 
ton, including. fuel, labour, repairs, general expenses^amortisa- 
tion and interest on capital, amounted to ^22, ^s. pet ton ol 
HNO.{ (calculated as 100 per cent.) in the form »f 90 pci 
ce.ih nitric acid. • 

The average pre-war •selljng price* of 65 percent, acic 
and 94 per cent, acid amounted respectively to about £21, $s 
and ^24, 5s. per ton of HN 0 3 .(calculatecl as 100 per cent.). 

1 Cf. Final Report, Nitrogen Products Committee. 

2 C. E. Monroe,/. Washington Ac fid Set. , 1911, V 70-7 # 
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• • 

Vqry detailed costs accounts of war production are given 
in the Report on the Statistical \Vork of the Factories 
Branch of the Department of Explosives Supply. 1 


^ Uses of Nitric Acid. 

Nitric acid is used in the manufacture of :— / • 

1. Sulphuric ac id by the Chamber process. ♦ 

2. Organic nitrates and nitro-bpdies used in explosives, e.g., 

gun-cotton, nitro-rotton, nitroglycerine, picric acid, tri- 
«^itro-toluol (T.N.T.), tetryl, etc. 

3. Fulminates of mercury and silver for explosives. 

4. Ammonium, barium, calcium, strontium, lead, etc., nitrates for 

explosives and fireworks. * 

5. Organic nitro-bodies foi use in the manufacture of dyes, etc. 

6. Nitro-cotton for celluloid, collodion, artificial silk, etc. 

7. Ammonium and calcium nitrates. * . # « 

8. Silver nitrate* for photography. 

9- Iron nitrate for mordanting. 

Nitric acid is also used for etching copper, e.g. y for calico 
printing, engraving, etc., and in the separation of gold from 
diver, for assay purposes (parting). * 

1 he pure add finds use in chemical laboratory practice. 

Uses of Nitre Cake. 


Largely owing^to the vital necessity for strict economy 
n the consumption of sulphuric acid during the recent war, 
;vcry possible outlet for nitre fake as a substitute for sulphuric 
icid was closely examined (as a study of the patent literature 
dearly inchcatcs), and most of these were made use of. 

At the end of 1917 the distribution of nitre cake for usq, 
n tluHfoitish Isles by the Government department responsible 
vas asfollows 2 : — 


1 

f 


1. Jot grease Vecovery from the wash liquors of the 

textife industries 

2. For bleaching and dyeing . ... 

3? Forjnetal pickling and cleaning 

4. For hydrochloric at id manufacture 

5. For rrtineral water riiartufaeture . 

0 . For miscellaneous purposes • . 


25 per cent. 
2 5 
21 
21 
4 
4 


JI.M. Stationery Office, London, 1919. t 

Calfert and Morris,/. S<&. Chcm. I mi. {Review), 1920, 89 , 407*1 i r 
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The miscellaneous uses included : — • 

1. The manufacture/ of gjue or manures from fleshings, hide 

scrap, leather dust, and leather scrap. 

2. Glass making. 

# 3. Rubber regeneration. \ 

4. The prNcess of glycerine production. 

5. 'L*he manufacture of sodium bisulphate tablets for water 

sterilisation. • # 

(). For fertilisers, including superphosphate and sulphate of 
ammonia. 

7. The “striking out” of phenols. 

8. The manufacture of Epsom salts. 

09. Dissolving zinc and copper ores. 

10. Fluxing in metal extraction. 

1. The manufacture of hydrogen and sulphuretted hydrogen. 

1 •. THt preparation of tartaric acid substitutes^ 

13. Paper sizing. 

14. Alum making. 

15. Extraction of the yire earths. 

The main pre-war u^c of nitre cake was in the production 
of salt-cake. . 


Tk\NsroRT of Nitric Acid. 

• 

1 he transport of nitric acid presents considerable difficulty 
owing to its extremely corrosive feature, to its ready decomposi- 
tion with production of poisonous fumes, and to its power, 
when concentrated, of causing organic substances* such as 
paper, straw, shavings, etc., to take fire. 

Th$ well-known glass carboy, packed with straw dn iron 
hampers, is ^till the most usual container for nitric acid in 
transport. Th6 safer earthenware carboy has the disadvantage 
of greater weight. * * * 

Lead, cast iron, and. aluminium vessels, suitably ihountefl 
for road or rail, arc used for the carriage of nitric acid between 
departments in a works, while for loftg .distance transport 
aluminium vessels arc used, * * . • 

• 0 % 

For the transport of nitric &cid in bulk, advantage is often 
taken of the possibility of carrying a fixture of nifric 
and splnhuric acids in steel drums f5r tank wagons. *Sucli 
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mixti^rcs may be used as such for nitration purposes, or for 
sulphuric acid manufacture, or tho nitpc.'acid can be recovered 
by distillation. • 


« Railway Regulations. 

1. Nitric Acid or Aqua fortis not exceeding^ *420 sp. gr. — 

In glass carboys not exceeding 12 galls, in capacity. 

2 . Traffic in Carboys — Straw Packing. — Each carboy must 

be firmly packed in a hamper of iron or wickerwork, with 
a minTTTItiui thickness of J in. of straw packing between the 
hamper and the carboy. This packing must be renewed as 
soon as it loses its elasticity, and the hamper must be kept 
in good repair. * 

The straw packing in the carboy hampers must be sufficiently 
damp to prevent fire. % # 9 • 

StoitkrinCi }\N1) Luting. — Each carboy must be provided 
with a good earthenware or glass stopper, and must either 
( 1 a ) be well luted with plastic (moisf) clay, or (< b ) well luted 
first with plaster of Paris and then a layer of moist clay 
placed over the plaster of Paris, the* stopper in all cases to 
be tied over «vith a waterproof material to keep the clay 
moist, and thdh with strong canvas firmly tied or wired round 
the neck of the carboy. 

Other equally effective means of luting may be used, 
provided the stopper is in all cases firmly secured and luted, 
so that the acid cannot cscapf. 

An effective method of securing the stopper is by means 
of a flaUmeisl band, passing round the neck of the carboy 
and over the canvas, thus — 




* Fig. 99.-j-ihctft(xl of Securing Carboy Stopper. 

# • 

Loading. — Fo\ traffic in full truck single tier loads, the 
carto/s mu$t be placet? close up to the end and sieje of the 
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wagon and fastened together at all points of contact with^trong 
cord or wire ; any spjLce ‘must either be battened off with 
substantial timber, pcfeitioifcd close to the shoulder of the 
carboys, or filled with other approved packing such as straw, 
sacks of straw, old hampers, etc., or alternatively, a framework 
approved by 'Jie Company may be fitted in the truck to support 
each cail^oy separately. 

In the case of double tio*r loads each carboy must be placed 
on a nest of straw between the shoulders of the bottom tier 
carboys, the two rows of three at either end to I j-^stencd 
together with strong cord or wire at each point of contact. 
The carboy hampers must be interlaced with rope, the ends 
of .vhich must be braced to give firmness, and secured to 
the buffers or sheet hooks of the wagon. Wagons exceeding 
*tht* height of the carboys must not be used. 

$ote . — The Great Western Railway Company do not carry 
nitric or sulphuric acid in double tier loads, and require the 
end hampers in single tier loads to be secured to the ends 
of the truck with stfong cord fastened to the buffers or 
sheet hooks. , 

In the case of single carboys or part loads, the carboys 
and hampers must be packed in substantia flat-bottomed 
boxes, crates, or tubs. Each package must bear a label close 
to the mouth of the carboy : — ^ . 

“This Smr. Ur.” 

Carboys in boxes, crates, or tubs must not be loaded on 
the top of other goods, nor other goods loade<j-rjn»thc top of 
such carboys. Goods liable to be damaged in the event of 
breakage or leakage of the contents of the carboys *nust not 
be loaded npar them. 

3. Nitric Acid or Aqua-fortis. — In stonev*are jara protected 
by wickerwork or iron hanfpers. * 

In bottles packed jn cases or boxes. Each bcfttle mtist 
be completely surrounded with kieselguhr, whiting, or*other 
material, on which the acid has no'cljemical' action. The 
case or box must not contain arty fc^wdust, str&w, or otfter 
inflammable substance, but piece of strong paper*may be 
placed under thp lid to prevent the escape of the packing 
matpr^l. Sulphuric acid, inflammabfe liquid, or other Chemical 
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which by contact with nitric acid might cause fire or explosion, 
must not be packed in the same case or* box. 

4. Mixed Acids— N itric and SulpIiuric Acids, CONCEN- 
TRATED, MIXED, containing not less than 20 per cent, of 
sulphuric acid;,'the sp. gr. of the nitric acid to be not less^ 
than 1*42, and of the sulphuric acid not less/ than 1-84. — 
In approved steel drums. The gross weight per drum not 
to exceed 1400 If). The drums n©t to be accepted unless in 
good condition and free from rust. 

In Owner's tank wagons, 8 tons per wagon. The man- 
hole covers and other openings of these tanks must be 
closed water-tight, whether the tanks be loaded or empty. 
A written declaration must be obtained from the senders fvith 
each consignment that the acids have not been used in the 
manufacture of nitro-glycerine or other explosive. 9 • 

Dipping Adiv (mixture of nitric and sulphuric acids, 
diluted). — In stoneware jars protected by wickerwork. 

In glass carboys. 
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PATENTS v I 

t i 

Manufacture. 

Valentiner au .1 Schwarz (Fr. P. 374902 and U.S. P. 920224), in 
the manufacture of nitric acid under diminished pressure, restrict 
the passage between the retort and the condensing coil to half the 
diameter of that coil. The higher pressure thus maintained in the 
retort prevents the uprush of sodium nitiatc through the super- 
incuiak gpt sulphuric acid, which causes the distillation to progress 
more rapidly. The condensing coil extends to the bottom of the 
first of a series of receivers, so as to form a liquid seal, and gases 
such as lower nitrogen oxides and 1 1 Cl pass on, leaving pure nitric 
acid behind. 

Valentiner ( 15 . Ps. 610 of 1892 and 191 92 of 1895). 

Urcyfus ( 15 . P. 13826 of 1895). Vacuum process. * , r * 

Valentiner and Schwarz (C.ei. P. 144633) explain why pine 100 per 
cent, nitric acid up to that time had not been obtained in one operation 
as 'due to the difficulty of decomposing sodium nitrate by sulphuric 
acid of 170' Tw. in the vacuum on a manufacturing scale, owing to 
the formation of enormous quantities of ..froth towards the middle 
of the operatioq, which is perilous for the stoneware parts of the 
apparatus and cd itaminates the distilling acid with bisulphatc cariied 
over. This frothing can be avoided by adding the sulphuric acid not 
all at a time. '£he retort is charged with the nitiatc and with about 
one-third of the sulphuric acid (i7o"Tw.) required for complete 
decomposition ; this quantity is completely mechanically absorbed 
by the nitre. The evolution of 'nitric acid commences immediately, 
and when the boiling temperature has been attained, the nitric acid 
begins to 'distil* off quietly and evenly. According to the progress 
of distillation, fresh sulphuric acid is run into the retort, at such u 
rale tU.it fnere is always enough sulphuric acid present to decompose 
the nitrate into bisulphate and nitric acid. The sulphuric acid is 
run into, the retorf neck through a vessel, filled \\ith pumice blocks, 
through which the nitric acid vapours must pass before leaving the 
retort, by which process they are completely* purified and concentrated. 
The fresh sulphuric acid, run through that pumice vessel on to the 
nitre, acts niifch better than that acid which has been in the retort 
fcfr hours and is charged wYth'bisulphate, since that fresh acid contains 
no bisulfihate in solution. * 

Glock (Ger. P. 1^0254) heats nitrate in a pan provided with 
stift-ing-^ear tq 120° to i5d~ and runs in the equivalent quantity of 



209 


PATENTS (MANUFACTURE) 

• • • 

sulphuric acid, previously heated to ioo' to 130°, in a thin jet. 
The end of the decomposition is facilitated by steam or a thin 
jet of water. At last arr is Mown through, whereupon the solid, 
pulverulent neutral sodium sulphate is ladled out. Or else the nitrate 
is from the first heated to 250° C. # # 

• Manufacture of Nitric Acid without Sulphuric Acid. — Campbell 
and Walker (B. P. 9782 of 1894) grind nitre cake with nitrate of 
soda and charge the mixture into retorts provided with a mechanical 
agitator. * 

Garroway 1 (B. P. 6777 of 1S99) mixes ordinary acid ni/tfrtake 
with sodium nitrate, heats the mixture in a retort, and blows a spray 
of weak nitric acid by means of compressed air over the mixture. 
The nitrogen oSides, mixed with steam and air, are regenerated by 
concftnsing-tubes and towers into nitric acid. It is alleged that 
ultimately a 96 per cent, acid can be produced. The residue is 
•euftii^ sl^- cake, testing 98.36 per cent. 

Garroway (B. P. 2466 of 1895) also prepafes nitric acid by 
heating a mixture of nitrate of soda and furious sulphate or alum, 
obtaining sulphate of soda and oxide of iron or alumina. He 
also patents the decomposition of sodium nitrate by silica (B. P. 
2489 of 1896). * 

A special retort for the Lunge and Lyte process (decomposition 
of by Fe/L) has been constructed and patented (Ger. P. 

90654). It consists of a revolving cylinder placed in a sloping 
position, with inner projections and contrivances £pr feeding and 
exhausting without stopping the piocess. A fiflf description of the 
whole process has been given by J. L. F. Vogel.- 

Main, Stevenston, and M'DonJld (B. P. 23819 of 1895) heat 
sodium nitrate with manganese oxides. Garroway £Ger. P. 79699) 
employs lime and superheated steam. Vogt (B. P.*22oi^ of iSpi) 
teats with lime, ferric or manganese oxides in a current of superheated 
steam^md carbon dioxide. * 

Hemingway (U.S. P. 781826) manufactures nitric acid by mixing 
nitrate of soda, sulphuric acid, and water, heiftin^ tlfh t mixture 
to 77° and gradually adding*ferrous sulphate, ferric sulphate and 
sulphate of soda are obtained as by-products. The nitrous vapours 
are condensed in the usual manner with the admixture of air. 

Blackmore (for Robinson *and Spruanccf P. 9^466) exposes 
barium nitrate to the action of supertiejft^d steam, ^whereby BaO a 
and nitric acid are formed. * 

\J. Soc. Qhem. Ind., 1901, p. 119!. 

2 Eng. and Min. /, i9oo, r p. 408. 
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Tkc Chemische Werkc vorm. By k (Ger. P. 208143) make con- 
centrated nitric acid from calcium iritratp oy adding concentrated 
sulphuric acid, and separating the liquid from the CaS 0 4 formed 
by filtering, pressing, or centrifuging. The same process is described 
in the U.S. P. 928545. According to Ger. P. 217476 they brin£ 
about the decomposition of the calcium nitrate by the theoretic^ 
quantity of sulphuric acid in the presence of so much water thai 
nitric acid of not essentially more than 59 per cent. HNO ;{ is formed 
The advantage df this modification is that the time of filtration if 
very ...fieh reduced, as hydrated calcium sulphate allows the liquic 
to pass through rapidly, and the channels are not stopped up b} 
the hydration. Moreover, more concentrated nitric acid is thuf 
obtained for a given concentration of sulphuric acid, because the 
gypsum combines with 2 mols. of water. They dissolve 100 parti 
of Notodden nitre in nitiic acid of 5 5' V>. and add sulphuric acic 
until no more calcium sulphate is precipitated (Fi. P. .10030c;). 

F. W. de Jahii (U.S. P. 1023138, transferred to the Genera 
Chemical Compan)) agitates sodium nil! ate with sulphuric acid undei 
diminished atmospheric pressure at a temperature below the fusing- 
point of the bisulphate formed, preferably below 384 F. (195' C). 

F, W. de Jalin and the General Chemical Company (Ger. P 
2 5 2 374 5 U.S. p. 1023133) effect the decomposition of nitrates b) 
sulphuric acid knder diminished pressure at lower temperatures, anc 
in a short time by constantly agitating the mass, and avoiding the 
fusion of the Jnsulphale formed. The best temperature is 135° 
and in the end the" vacuum is brought to 28 in. 

Chatfield (B. P. 16512, 1891) employs a large excess of sulphuric 
acid for decomposing the nitrate, in older to obtain a residue easil] 
fusible at the temperature of reaction, which may be utilised foi 
i\$ production of hydrochloric acid, etc. 

J. F. White (U.S. P. 648522) collects the weak nitiic ac : c 
distilling at first by itself, and adds it to the next charge of nitrate 
and sulphuiic acid. , 

ClagsSen (B. P. 6102, 1915; Ger. P. 287795) puts the nitre 
with addition of a little sulphuric acid or nitre cake, through 1 
briquetting machine, in order to obtain* cubes of about an inci 
diameter, which are worked in the nitric acid retorts much mon 
easily than powdered nitrate. 

The Du Pont de ( Nemours Powder Co. (U.S. P. of Beers 
Nos. 1240351 and 1149711) heats the now frequently employed large 
sized nitric acid retops by means of an oil-bath, whereby a high yielc 
and economy of fuel are attained. 
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Valentiner (Ger. P. 63207; B. P. 4254, 1907 ; Aust. P. *36792; 
Fr. P. 374902; U.S. P/ 950224^. Vacuum process. 

Volz (U.S. P. 500785). Vacuum process. 

Traine and Ilellmers, Wever and Brandenburg (Ger. P. 269656) 
prepare nitric acid by heating calcium nitrate, treating the evolved 
gases with moi$t oxygen or moist air, and adding before or during 
the introduction of fresh calcium nitiate into the heating apparatus 
a sufficient quantity of indiffeigmt, dillicultly fusing material, in order 
to cause the fluxing mass not to come into direct contact with the 
hot walls of the apparatus, but to be enclosed and absorbc\f ,# ny the 
newly added material, which prevents or at least lessens the caking 
up of the fluxed calcium nitrate and its adhesion to the sides of 
the apparatus. 

W. Mills (U.S. P. 755378) dissolves .substum cs containing lead 
in hydrolluosilu ic acid, tieuts the solution with an alkaline or earthy 
Slkafr *e ^trate, and decomposes the plumbic nitrate formed thereby 
by sulphuric acid. 

Baynes and the Chemical and JClc< truly lir Syndicate, of London 
(B. P. 7273, of 1895; U.S. P. 632394), prepare nitric acid con- 
tinuously by heating a mixture of alkaline nitiate with ferric oxide 
in a thin layer, in a retort into which air or a mixture of air and 
steam is introduced. 1 

The Societe anonyme des Poudres ct NitratcV(Fr. P. 473433 ) 
heats a mixture of potassium or sodium nitiate with alumina or 
bauxite in a current of superheated slum to 25* to 400 , and 
lixiviates the residue with waUi, in order t?> obtain a solution 
of alkali alummale. The reaction is prompted by adding 10 per 
cent, of calcium nitiate, and fusion is pievented by the addition of 
10 to 15 per cent, alkali alummate fiom a proving operation. A 
barium or strontium compound may be added, 111 order to com^rt 
ttoe silica into an insoluble silico-Muminate. 

According to their Ger. P. appl. S42915, to the mixture of lfitrate 
and alumina* i$ per cent, calcium carbonate is added, in order to 
keep the mass in. a porous ^tatc, and the mixture is moulded into 
briquettes, which are treated as above. • • 

•Nqdon (Ger. P. 274346) obtains nitric acid immediately # from 
the natural saltpetre earths, * t g., peat, by ejpetrolysis. Ue places in 
the nitre-bearing soil porous vessels ^onjanw.ig dilute^ nitric ac^d 
and coke, which serve as an anode. The* nitric acyd obtryned by 
the electrolysis of the nitrate contained in the soil collects in these 
vessels; the alkalies or alkaline earths, formed by the electroly^s, 
migraje^to the cathodes, which consist of cast iron »or shfcet-iron 
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plates funk in the nitre pits. The Joule heat developed by the current 
is utilised for keeping up an even temperature favourable for the 
reaction. According to one of the patent claims, the peat soil is 
kept alkaline by placing lime or calcium carbonate between the anodes 
and the soil. TJue lloor of the peat moor has an electric resistance 
of about 3 ohms per cubit' metie. The electric current has about 
10 volts; it produces at the anode nitric acid, at the cathode lime. 
Many details on the process are given in the patent description. 
The process is described at length by Daryjj 

'I ft\u. Oesterreichische Vercin fur chemische und metallurgische 
Produktion at Aussig (Ger. P. 280967) prepares nitric acid by heating 
ammonium nitrate with so much sulphuric acid that it suffices at 
least for producing ammonium hydrosulphate. This allows of driving 
off the nitiic a< id completely at temperatures not much abo\e i2o c , 
and is finished up to 152 '. If less sulphiuie acid is employed, losses 
are caused by the necessity of working at higher temperatimrs whereby 
the ammonium nitrate is decomposed. The residue from the distilla- 
tion, alter being neutralised by sulphuric acid, furnishes saleable 
ammonium sulphate. By this process pure nitric acid can be 
prepared from the impure dilute acid obtained by the oxidation of 
atmospheric nitrogen. #• 

Frischer (B. 7099, nth May 1915). Retorts for the distillation 

of volatile acids, 'r.£ , nitric acid, aie provided with a number of pipes 
at different points for cairjmg off the acid vapours. 'These pipes 
are connected snngjy or in pairs to separate condensers which unite 
towards the end of the cooling system. A more inpid, uniform, and 
economical distillation results, and laigcr retorts can be used, e.g. t 
5000 kilos of saltpetre can be treated in six to eight hours. 

Tentelt^v Clipm. Works (B. I*. 110637, 21st November 1916). Pure 
niVic acid is obtained by distilling concentrated nitric acid with a 
solution f of a suitable nitiale such' as 7 inc or nickel nitrate. The 
nitriiV acid is gradually introduced into the nitrate solution *' which 
is maintained at a suitable temperature (126 1 to 170' £. 'or more being 
mentioned). , The late of introduction, of the crude acid is regulated 
sq, as to, be about equal to the rate of distillation. 'The strength of 
the pure acid may be regulated by selecting different concentrations 
of the nitrate solution. , 

Norsk llydro-Elcktnsk ^Kvaelstofaktieselskab (Norw. P. 27550, 
15th January, 1917). Ammonium nitrate is distilled with sulphuric 
acid at a pressure less than 1 atmosphere, and in the; proportion of 
l^ss.than 2 tools, acid to 1 mol. nitrate. 

y 1 Chan. Trade J., 1914,54, 75 et scq. 1 , 
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Bayer (Ger. P. 301702, 19th April 1917). By connecting*! series 
of retorts by means of yipes'to equalise the pressures and charging 
the retorts at regular intervals, Uniformity of the process is ensured. 

Maxted and Smith (B. P. 126704, 26th April 1017). Nitric acid 
of high concentration is obtained by the reaction of water, excess 
# of oxygen, andjarge excess of liquid NO, or N at pressures not 
appreciably exceeding atmospheric, the excess of lower oxide being sub- 
sequently expelled for instance f by a current of air or by gently heating, 
but without separating the separate layers when su<*h layeis foim. 

Manser (U.S. P. 1320080, 28th October 1919). A holloa 'finical 
spreader is placed within the still at its bottom piovided with inlet 
openings at its lower edge and a protected gas outlet at its upper end. 
The still is specially adapted for distilling nitiic acid from sodium 
nitrate and sulphuric acid. 

Banigan (U.S. P. 1332195, 2nd March 1920). A mixture of 
*^>ul^risflr. nitre cake and sodium nitrate is passed in a stream through 
a rotating tubular retort continuously while subjected to a tumbling 
movement. Neai the discharge end of the stream a higher temperature 
is maintained than near the inlet end of the appaiatus. Nitric acid pio- 
duccd is caused to How in a direction opposite to the travel of the stream. 

Tayntor (U.S. P. 1 3^ 1 j r 6, 7th December 1920). A plant for 
manufacture of nitric acid from sodium nitrate and sulphuric acid is 
so constructed that all the stills of a 20-still acid house are provided 
with a common expansion chamber with live bleachers, to which the 
common expansion chamber delivers. Condensers fgom the bleachers 
deliver to a common chamber to receive uncflndensed gas, adapted 
to deliver to a tower house. This ariungement equalises pressure 
and facilitates uniform operation. * 

W. Strzoda (Ger. P. 330019, 13th October 1917; nddn. to 
272158). The apparatus, constructed from brittle material <eme/ted 
and strengthened as described* in the chief patent (rf. B. P. 26732 
of 1913), is arranged to provide the maximum reaction surface and 
area of the ga^ channels, in proportion to the diameter of the tubes. 
The gas channel^ which are of circular ( ross-scction, aTe # arranged 
around a central overflow tube, and are covered with annular hoods 
fitted, with overflow dishes! 

• . * 

Continuous Manufacture. # % 

Prentice (B. P. 6960 of 1893,* Ger. P. 79645, B. P. 8fjo2 # of 1893). 

Chemische Falyik Rh^nania (B. P. 27240^ 1898; B. P. # 33o5 
of 1 ^01). Uebel process. * # # 
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ThoBiidisrhe Anihn- und Sodafabrik (Ger. P. 227377) manufacture 
nitric acid in a continuous way. The mixtur^ of sodium nitrate and 
sulphuric acid passes through a series *of stifts which are heated each 
by itself to vaiious degrees, and in which the contents are kept in 
mechanical motion. The outlet pipes for the vapours are shaped as 
siphons, and the vapours aie separately condensed. With a seric^ 
of live stills, the temperatures and strengths of acfd, etc.^ are as 
follows 



'I^iinporatuii'. 

Dej'reea. 

I IO to 120 


„ 2 . I50 „ I70 

„ 3 . 210 „ >50 

„ 4 • 250 „ 280 

„ 5 . 280 „ 300 


Strength of acid. 


96 to 97 per cent. 


88 „ 90 
.ho 



f (60 per cent, of 
f the total acid). 


Schellhaass (Ger. P. 241 711) also makes nitric acid in a con- 
tinuous way. Sulphuric acid and fused nitrate of soda are eep.V'utelf 
introduced as a spray into a tower like retort, kept at a temperature 
of 180 . In this retoit the materials float about and are thoroughly 
mixed, so that the reaction is quite complete. Nitric acid of high 
concentration distils over, and the sodium bisulphate, which contains 
some nitric acid, is collected in a second retort, healed to about 
300’, from which ? more dilute nitric acid distils off. 

Chemische habrik Rhcnania (Ger. Ps. 106962 and 127647). 
Ucbel process. 

The style of .working of the Uebcl process has been improved 
by further patents. According to Uebel’s P.P. 19881, 1913 (Ger. Ps. 
26187 \ and 277092; hr. P. 461452 ; U.S. P. 1141994), the whole 
of the sulphuric acid inquired for* decomposing the nitrate is at first 
only mixed with ,nart of the charge of nitrate in the still and heated 
to V|o', at which temperature the whole of the nitrate introduced is 
decomposed, yielding highly concentrated nitric acid (phase 1)5* 
then file remainder of the nitiate is introduced, and its complete 
decomposition effected by raising the heat to i6o°to # i7X) n (phase 2). 
In the fwrst phjise the nitrate and the sulphuric acid can he intro- 
duced at Jhe same time and gradually, so that there is always an 
excess, of sulphuric acid; and in the sfccond phase the titrate, 
without sulphuric acid, is also gradually introduced. In this phase 
the mixture is heated to such a teriiperature that only concentrated 
nitric acjd distil^ over ; the residual mass is heated in another place 
to 250", in order to drive out the' water and the last portions of 
nit(ic*acid. This process avoids the drawback of tf\e ordinary process, 
that crilJts are, formed at the bottom which lead to frothing over, to 
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explosive gas-developments, and to losses of nitric acid. Tl*e new 
process effects the production of highly concentrated nitric acid, 
gives a very even distillStion, # is very hygienic to work, free from 
danger, and gives an increase of production, as the stills have not 
to be allowed to cool down from one charge to the qjher. 

• Badische Anilin- und Sodafabrik (Fr. P. 406969). 

Raschig (Ger. P. 283212) runs a paste of nitre and sulphuric 
acid continuously through a barometric tube at least 20 ft. long, 
into one end of a vacuum pan heated up to 170', where the nitric 
acid is evolved as vapour. It is condensed in a stoneware, .* 4 ?)ler, 
and runs off through a barometric tube 23 ft. long. The liquid 
bisulphate passes at the other end of the pan again into a baiometric 
tube 20 ft. long c , and issues in the open air. 'The P>. Ps. are Nos. 
3208 and 13842, 1914; U.S. P. No. 1130104. 

Hill and Moylei (U.S. P. 1362418, 14th December 1920). Nitric 
^ade continuously by maintaining a flow of hot sulphuric 
acid, gradually merging into a flow of molten sufphates, distributing 
alkali metal nitrate on the surface of the sulphuric a< id at a point 
in its flow and withdrawing nitric acid vapours at a point nearer 
the origin of the acid flow* An apparatus is described. 

% 

Condensation. 

Trobridgc (B. P. 25435 of 1906) protects earthenware pipes, used 
in the manufacture of nitric acid, from fracture by cold water by 
surrounding each vertical pipe from the bottom of # the condensing 
tank to near the top, by a lead pipe about ail* inch wider than the 
earthenware pipe. 

Ostwald (Ger. P. 207154) conveys hot nitrogen oxides in pipes 
made of nickel steel, but care must be taken lest any condensations 
take place, as nickel steel resists only nitrogeif oxides. j 

A nitric-acid condenser, consisting of sets of perpendicular water- 
cooleu pipes, is described in the B. P. 24332 of 1903, by D^nnachie. 1 

Guttmanp (B. P. 8915 of 1890; Ger. P. 73421; B. P. 18189 of 
1897; B. P. 13694^ 1901; Ger. P. 160709). * * 4 

Bate and Orme have patented an improvement of Guttmann's 
“water-battery” (B. P. 25*790, 24th November 1902), the objcct*of 
which is to ensure more efficient circulation of the condensing water. 

Hart (B. P. 17289 of 1894). • ' * 

Martin Kalbfleisch Co. (Ger. Ps. W357 and J0J704; Fr. V . 
271025 ; U.S. P. 603402). SkogHind’s condenser. 

Niedenfuhr (Ge\. P. 15,5095), in order to obtain the nitric ^acid 
( 1 Chem. Trade [904 ,* 85 , 380. 


I 



216 


MANUFACTURE FROM CHlLl SALTPETRE 

• • 

free fr#m the lower nitrogen oxides, condenses it at a high temperature 
and with application of draught. The fan serving as draught producer 
is placed behind the condensing-receivers, and in front of the 
apparatus for oxidising and condensing the lower nitrogen oxides. 
Thus there is a flight lowering of pressure in the first condensers, 
by which the nitric acid is obtained in a purer state, and a rather 
higher pressure in the last part, which favours the oxidation going 
on there. Between the first condensers and the draught apparatus 
a cooler is interposed by which the draught apparatus is better 
pro&lrtsd against the action of the acid gases, and which also 
facilitates keeping the oxidising apparatus at a low temperature. His 
B. P. 4353 of 1905 describes the same process, and also a modifica- 
tion by which the conversion of the lower oxides *of nitrogen into 
nitric acid is effected in two plate-towers, the first of which is 
rinsed only moderately so as to produce an acid of high strength, 
while the second tower is strongly rinsed, without regard tl1£ 
strength of the acicP obtained, whi< h acid may be employed for rinsing 
the first tower. 

Nathan, J. M. Thomson, and W. T. Thomson (Fr. P. 406806) 
condense nitric acid vapouis by passing them through cooling-worms 
from the bottom upwards, the cooling being effected by running water 
on to the top oFthe coils. The upper ends of these arc connected 
with a vacuum. * The nitric acid running out at the bottom is almost 
free of lower nitrogen oxides. 

Leblanc (Fr, P. 462712) passes the vapours through glass tubes, 
cooled inside by mCans of concentric pipes, and outside. Hough 
(B. P. 101307, 1916) also describes a tubular apparatus for that 
purpose. * 

The Norsk Hydro- Flektrisk Kvaelstofaktieselskab (Fr. P. 451812) 
en^ploys fdr codling, condensing, and carrying nitric acid, vessels 
made of aluminium. These can Ixe employed for acid containing 
less than' 65 per cent. HNO :{ , and not above 5 per cent, nitrogen 
oxides. f v 

Hough* (U.S. V. 1291893, 2 1st January 1919).. The apparatus is 
similar in form to that described in B. P. 10T307 of 1916, 1 but the 
condenser units consist of straight tubes, closed at the lo^r end 
and with li^s at their upper ends ; gla^s tubes connected with inlet 
and outlet leaders by flfxi'ole tubing 'are arranged within the condenser 
ttibes, extending from a^stioh distance above the bottom to above 
the lip at the upper end. 

Hough (U.S. P. 1 31 2 1 18, 5th August 1919). » 

< * 1 

, 1 See /. Soc. Chem. hid 1916, p. 1108. , , 
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Hough (U.S. P. 1326267, 30th December 1919). A vertical 
section.il casing contains a number of pipes arranged transversely, 
one above the other, antf joined at adjacent ends— the joints being 
outside the casing — to form a continuous /ig/ng channel for the 
passage of the acid vapour. Inlet and outlet pipgs for the cooling 
fluid are provided at the top and bottom of the casing, in which 
baffles ar'e also disposed to compel the cooling fluid to traverse a 
tortuous path. , 

Bleaching. , 

Hirsch (Ger. P. 46096) runs the impure acid through a stoneware 
worm, plat ed in water of 80 C. Air is blown in at the bottom, and 
the Jged of nitric acid is so regulated that it runs out at the bottom 
at a temperature of 60 C. and sufficiently bleached. It runs through 
a second worm placed in cold water, and t an then be put into the 
car bo^.^ The nitrous gases escaping at the top^ of the first worm 
are treated in the usual manner. One worm can purify several 
tons of acid per diem. The same process may also serve for treating 
the waste acid of nitroglycerine and nitrobenzene woiks; in this 
case air healed to 150“ C. or steam is blown in at the bottom, and 
the feed of acid is so regulated that it issues, at a temperature of 
140' C, as comparatively pure sulphuric acid. ^ 

The Chemische Eabrik Gricsheim (Ger. P. 59099) places behind 
the retort a reflux-cooler, consisting of a Rohrmann stoneware worm 
contained in a water-tub kept at about 60 G. i^y fche heat of the 
operation itself. The acid vapours ascending in this cooler are 
partially condensed there j in consequent e of the high temperature 
the lower nitrogen oxides (together* with the ehlmine) escape in the 
state of vapour, and are t ondensed by air and water in^a “Lunge 
tower” (plate-c olumn) to weak nitric acid. I he acid condoning 
iTi the worm flows into a receiver, kept at So C, and is # therefore 
perfectly pure, no “bleaching” being required. Air is advantageously 
introduced iirto.the receiver. # # 

Moore and Ihdl (B. P. 2^892 of 1910) avoid the absorption of 
lower nitrogen oxides in the condensation of nitric acid l*y passjng 
th« vfvpours upwards betVcen cooled tubes, in such manner^ that 
the liquid formed on running down over tljese tubes gets, sufficiently 
heated to avoid the absorption of'the lower oxides. Further intimate 
contact of the liquid with the hot vapours is attained in a chamber, 
provided with partitions and filled* with pumice, etc. 

Casman (B. P. *11296, .1913 ; Fr. P. ^ 57 8c *>) P asses trough Jfie 
heat^I # nitric acid a strong current of air, in order jo oxidise the 
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lower ^nitrogen oxides into tetroxide, and to drive this out; the 
N,O t is subsequently oxidised into nitric Acid by bringing it into 
contact with steam and a further supply of air. 

,• Absorption. 

• 

For such purposes it is sometimes necessary to'combipe several 
plate-towers in sets, one tower being placed higher than the others 
and delivering its, weak arid to thosb lower ones, to be got up to 
stre\^h (Rohrmann and Niedenfuhr, B. 1\ 29746 of 1897). 

Dawson (B. P. 123344, 14th November 1917). In the manu- 
facture of nitric acid the gases from the condensers are treated in 
an empty tower with a spray of air and water produced by admitting 
compressed air by a noz/le opening below the level of the 1/ater 
in the bottom of the tower. 

Dawson (B. P. 120869, 4 th September 1918). In the absojfti(* 
of nitrogen oxides, in an upward spray of water and air i n*in empty 
tower in which the spray is produced by a jet of compressed air 
opening below the suiface of the water in the bottom of the tower, 
the jet is surrounded by an inverted funnel having holes, the upper 
part of the funnel being above the level of the water. This arrange- 
ment prevents irregularities in the “working of the jet owing to 
variations in tlu/ level of the water. 

Concentration. 

C e 

Colin (Fr. P. 2ifo 4 5) prepares fuming nitric acid of sp. gr. 1.5 
by distilling nitric arid of 14 with sulphuric acid of 1.84 in 
enamelled cast-iron retorts, and* employing a glass three-way cock 
for separating the distillates. 

VKrouarcf (Gcr. P. 62714) also concentrates dilute nitric acid, or 
waste acids from nitrating processes, lay adding strong sulphuric acid, 
or a %olution of CaCB or MgCh, [!], and distilling the mixture in 
a vessel in which it travels in a zigzag direction. \ 

H. A. frasch fGer. P. 82578) prepares highly.conccntrated nitric 
acid by yassing the vapours from the nitric-acid retort through a 
tower^ heated above the boiling-point of tlfc acid, in which hot con- 
centrated sjijphuric acid is descending, j»r in which other dehydrating 
substances, such as anhydrous sulphate of soda or burnt plaster of 
Paris, a^t upon the mixed vapours. 

The Verein Chemischer Fabrike*n in Mannheim (Gfr. P. 85042) 
places between the %till and the condenser, a dephlegmator, from 
which tbe dilqte acid condensed there runs back into the still- e This 
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dephlegmator is kept at a temperature of 85° C., so that the 
concentrated acid can prfss on. • 

Waldbauer (Ger. P. 155006^ in order to avoid the expensive 
vessels used for distilling crude nitric acid, made of glass, porcelain, 
or platinum, or of running the impure acid into hqj sulphuric acid 
(thereby the vessels are gradually attacked), fills the stills with some 
granular material,' such as sand, pebbles, broken glass or china, 
preferably placing fine sand nept to the sides of the vessel, then 
coarse sand, and in the centre pebbles. The acid 'is run upon the 
latter, gradually flows into the hotter parts near the sides, ac-u^is 
evaporated before it reaches the walls of the still. This process 
admits of employing stills made of a cheap and durable material, 
which could not *be employed if the acid came into direct contact 
with if. 

Collet (Norw. P. 13925; Chem. Zeit ., 1905, p. 457; U.S. P. 

357221) concentrates nitric acid by means of hot 
air. The escaping gases and vapours are passed through a column 
fed with dilute nitric acid, then through a cooling-shaft, and at last 
through a vessel filled with lumps of calcium oxide, by this method 
it is claimed that 60 per* cent, nitric acid is made more cheaply 
than by any other method., 

DTffenbach (Ger. P. 174736; Fr. P. 371688) also concentrates 
dilute nitric acid by heating it with alkaline polyJulphatcs which 
take up the water, from which they can be again separated by 
heating by themselves. This may be done in cast-iron^vessels without 
any visible damage to them. If 100 grams nitric arrtPof 36" 15 . is heated 
with 1000 grams polysulphate of the composition NallSO, : ILSO, to 
105° to 120’, nearly all the nitric aftd distils off with 95 per cent. 
HNO.„ and the remaining polysulphate is easily eoncentiated again (?]. 

Boetcrs and Wolffenstein (Ger. Ps. 189865 and 19T912) licat nitre 
acid of, say, 68 per cent., in ai> iron retort and pass the vapours 
through a series of stoneware receivers, kept at about idb" Ijy a 
water- or saii^-bath, which are charged with a dehydrated nitrate. 
When this has taken up enough water, the receiver in question is 
put out of series by means of a three-way tap and is connected with 
a vacuum, whereby the nitrate is dehydrated and made again Tit 
for use. * t * 

The same inventors (Fr. P* 371797) coilc^ntrate nitric acid by 
pouring it over calcium nitrate, dehydrated* at 150° to loo', which 
thereby passes over into a porous mass. Preferably, a founter-burrent 
is employed, if* necessary with admission of air. For the concentration 
up to acid of 63 per cent. 1.25 to 1.5 parts tff Ca(ft0 3 );, is required.' * 
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Uebel (Gcr. P. 210803) performs the concentration in stages. 
First lie distils the dilute nitric acid at fiigher temperatures with 
sulphuric acid of medium concentration, and treats the distillate with 
stronger sulphuric acid at lower temperatures ; the sulphuric acid 
used in the second stage is afterwards employed for the first; it is 
employed at a strength of 80 per cent., to the extent of three times 
the quantity of the nitric acid. From the second still the nitric 
acid comes out with 70 to 75 per cqnt. HNO :5 ; it runs into the first 
still, and here a / vapour of 90 per cent, comes out, which by partial 
cmtowg can be made to yield arid of 95 to 98 per cent. HNO r In 
this way also the waste acid mixtures from nitrating processes may 
be utilised. 

Vietinghoff-Schcel (Ger. P. appl. V8284; later on withdrawn) 
concentrates the acid by first converting it into ammonium nitrate, 
drying this, and distilling it with concentrated sulphuric acid. 

Plath (lb P. 9133 of 1901) makes clear concentrated^ afld 
by interposing bttween the perpendicular cooling-pipes and the 
receiving-vessel a cooling-worm about 80 ft. long, air being passed 
through opposite to the current of acid, and the temperature in the 
cooling-tub being regulated in such a manner that the acid comes 
out both cold and free from lower nitrogen#oxidcs. 

Rrauer (Ger. 1 *. 222680; U.S. 1 \ 1008690; lb P. 14381 of 1910) 
concentrates nifrie acid by heating with phosphoric or arsenic acid. 
These acids have the advantage that they do not, like sulphuric acid, 
form a chemical combination with nitric acid; hence the heating need 
not be driven higfiA- than the boiling-point of the nitric acid, which 
means a saving of fuel and the avoiding of losses by the splitting off 
of lower nitrogen oxides. # 

The Swedish Nitric Syndicate (lb P. 10392 of 1908; Ger. Ps. 
233031 afld 2j63.11; Fr. IS. 402078 and 402079; U.S. Ps. of 
Sohlmann, 1009196 and 1009197) concentrate weak nitric acid, 
espqffialiy that obtained by the oxidation of atmospheric nftrogen, 
by distilling with sulphuric acid in a continuous manner, the acids 
flowing^ dflvvn in *a column heated externally, wljile a current of hot 
air (of which but little is required) passes upwards in the column. 
01- else the concentration is effected in two steps: (1) tp about 
60 Jicr cent*, by direct contact with # the gases from the electric 
furnaces; (2) to 90 tc^<Jj per cent! by distilling with strong sulphuric 
Acid, as abfcvc described! The waste heat from the furnace gases 
is utilised in various ways. • 

Pauling (lb P. ^2037 of 1909) h^ats dilute nitric acid to a 
tftnpejature at which it is'Recomposed into a mixture of NO^, 0, and 
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H,> 0 , and rapidly cools the products. Thus a mixture of NQj and 
0, nearly free from watCT, is obtained, from which concentrated nitric 
acid is readily prepared. *IIis fe. 1 \ 22320 of 1910 describes the 
concentration of nitric acid by causing it to trickle down in a vertical 
column, together with sulphuric acid, in an ascending stream of 
stfcam or hot gases. B. P. 22322 of 1910 describes* a modification 
of this process. Mlis U.S. P. 993868 describes dehydrating nitric 
acid vapours by passing against a counter-current of sulphuric acid, 
kept at a temperature near that of the vapours at 'all stages of the 
process. He has also obtained U.S. Ps. 993868, 1031864, 103*^5, 
1074287, 107954 1 ; Aust. Ps. 48815, 48816; hr. Ps. 450448, 463859. 
The newest forms of his system are described in Her. Ps. 257809 
and 274165. According to these, it is best to employ nitric acid 
as fr?e as possible from organic substances, nitrogen oxides, and 
nitrosulphuric acid. From a mixture of i part of 48 per cent, 
nfrrid^^j^ and 2 parts of 94 per cent, sulpluiiie acid it is easy to 
obtain nitric ac id of 96 to 98 per cent., without any weaker acid 
coming behind. It is best to charge the mixture on the Lop of a 
vertical tube, tilled with the dividing bodies, and to introduce from 
below dried, but not superheated steam, or inert gas containing very 
much aqueous vapour. According to his Fr. P. 4 ^ 3^59 (transferred 
to the Norsk Ilydro-lLlektrisk Kvaelstofaktieselskab), nitric acid of 
30 p -i cent, is gradually passed through a series' of evaporators, 
whereby acids of 40, 50, 60, 68 per cent, are obtained. 1 lie vapours 
are passed through dephlegmators, from which the acid goes back to 
the evaporators. The vapours are introduced iirtef the dephlegmators 
at various heights; the acid to be concentrated also goes into a 
dephlegmator, a little below the entrance of acid of 15 to 20 per 
cent. If part of the concentrated nitric acid is added to the mixture 
of sulphuric acid and dilute nitric acid, it is possible* to obtain 
a*iy desired concentration of jiitric acid, even by 88 per cent, 
sulphuric acid. # * 

Die (Ten bach and Uebcl (Ger. P. 238370) concentrate nitric acid 
by distilling ^t over pyro- or metaphosphoiic or the* analoj^ous arsenic 
acids, or acid salts of these, *in vessels made of quarts 7 L.g., on 
heating aqueous nitric acid with pyrophosphoric acid at no to 1 f 5 » 
nitric acid of 99 per cent, distils over. 1 he orthoplros^horic* acid 
remaining behind is reconverted into pyropHbsphoric acid by heating 

to about 2 10 J . * * , * f 

Hale and Scott (B. Ps. 24379 and 25386 of 19I0) cau& dilute 
nitric acid to*be absorbed in kieselguhr and heat this in an earthen- 
ware or cast-iron retort, if necessary provided with a stirring arrange- 
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ment* under reduced pressure. The vapours are condensed, and acid 
of any desired strength may be produced by^djusting the temperature 
of distillation and the degree of vacuum. 

The Farbwerke Hochst (Fr. 1\ 43 2 99°) concentrate nitric acid 
of 60 or 62 pef cent, to a higher point by passing a mixture of 
nitrogen peroxide and oxygen through it. For this process they ht'fVe 
also obtained the B. Ps. 15948, 1911 ; 13842, 19 13 1 Ger. P. 249328; 
Aust. P. 55242; U.S. P. 1050160 (t^ken out by Moest and Berneek). 
They obtain concentrated nitric acid by treating nitric acid of 60 to 
62 v p er cent, with liquid or gaseous nitrogen peroxide, and then with 
oxygen, on the counter-current system. The oxygen enters at one 
end of the apparatus, the N^O, at an intermediate point. Preferably 
it is obtained by passing a current of oxygen through liquid N 2 0 4 . 
The oxygen is employed in slight excess; according to their Ger. P. 
249329, they employ oxygen in the compressed state, and reintroduce 
any oxygen and nitric oxide gases, escaping at the bottom ffle 
system. * 

A new patent ol that firm (B. P. 4345 of 1915, taken out by 
0 . Imray: U.S. P. 1180061, and Swed. P. 40600, of Moest) states 
that if nitric acid is intimately mixed with a larger proportion of 
liquid nitrogen peroxide than corresponds to the maximum of 
solubility, two separate layers are formed, both of them consisting 
of nittic acid aifd NO,, but one of them -mostly that of lower specific 
gravity- -contains a more concentrated acid, up to 100 per cent. 
The other laye^r contains a more diluted acid than that which has 
been at first used.* Thus it is possible to obtain highly concentrated 
nitric acid by means of liquid NO.. The N(T is eliminated by dis- 
tillation from the layer contamnf^ the more concentrated acid. The 
other layer, containing dilute nitric acid and NO.,, maybe enriched, 
foj instaiuV 1 , by 'treating it with oxygen, and further concentrated by 
the new process. In order to avoid loss of NO.,, a reflux apparatus 
is ctfipkfyed. The process may be operated under pressure*; it is 
advantageous to agitate well. y 

The .Sir*. anon\ le Nitrogaie (Aust. P. appl. A; 33; Fr. P. 424598) 
produce nitric acid upwards of 95 per cent. HN 0 3 by treating a 
mfxture of liquid nitrogen peroxide, water, and oxygen in qjpl ec ld ar 
proportions ifnder high pressure. ^ 

The Salpetersaure-JfnBustrie-Gesellschaft, Gelsenkirchen (Ger. P. 
#80052), edheentrate iqtrtc icid up to 100 per cent, by electrolysis. 
The nitrogen oxides formed thereby at the cathode are introduced 
at the anode and there oxidised by the , oxygen formed into HNOg, 
after having been liquefied By cooling. Their Ger. P. 180587 describes 
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the employment of waste acid from nitrating processes as yiodic 
liquor in the above process. .Another modification is described in 
their Ger. P. 184958. • • 

Imray (B. P. 15948 of 1911) dissolves in ordinary nitric acid of 
60 to 62 per cent, gaseous or liquid nitrogen peroxide, and treats 
the mixture with oxygen, whereby the peroxide is oxichsed into nitric 
acid and concentrated nitric acid is obtained. The same process 
is described in the Ger. P. 2^9328 of the Salpetersaure-Industrie- 
Gesellschaft. % 

The Farbwerke Hochst have obtained for the same process 
B. P. 15948 of 1911; Ger. P. 249328 and Aust. 1 \ appl. 7082. 
According to their Ger. P. 249329 the oxygen is employed in the 
compressed state, 'and the escaping oxygen and nitric oxide gases aie 
reintifiduced into the process. 

Schlarb (Ger. P. 243840) obtains concentrated nitric acid from 
any ^>yaj)tion of nitrous gases by treating them with water in the 
presence of the oxides or basic nitiatcs of irftn, aluminium, or 
chromium, driving off the nitric a< id from the nitrate liquors obtained 
(if necessary, after concentrating them in vacuo) by heating, con- 
tinually under diminished pressure. Thus marketable nitric acid 
of 40" Be. and more, as cle^ir as water, is obtained ; the basic nitrates 
or hydroxides remaining behind are used over again for the absorbing 
process. 

Friderieh (B. P. 319 of 1911) treats a molecular mixture of liquid 
nitrogen peroxide and water with oxygen. According to his B. P. 
493 of 1911, in lieu of liquid nitrogen peroxidb, the product of 
absorbing N., 0 4 by wood charcoal, etc., may be used. 

According to Hall’s B. P, n245«of 1911, the material is placed 
on a grate within a tower, which is heated on the outside; a current 
of hot air, dried by sulphuric acid, is passed in I'roiTT the <top down- 
wards, or vice versa. His B. P.,21724 of 1911 prescribes intimately 
mixing the mixture of kieselguhr and nitric acid with sulphftric ^cid, 
which promotes the conveyance of heat into the interior of the mass 
during distillStidn and retains any water present ^r newly formed. 
After distilling off the nitric ifeid, both the sulphuric acid and the 
kieselguhr can be recovered by treating with water; the sulplniric adid 
must, of* course, be reconcentrated. According to his *B. P. 1^965 
of 191 1, the distillation is carried out in a refrflrt with inclined bottom, 
and an outlet through which the dry kit&elguhr can easily pass. By 
means of perpendicular, horizontal, or serpentine rods or pip*es, the 
heat is transferred /rom the outside to the interior. An outside 
jacket allows the gases to gyrate round tl/b retort. * 

« • ' 
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CjUett (B. Ps. 7597 and 22746, 1913; Fr. Ps. 357221, 447106, 
450448; Aust. P. 62169; U.S. P* 854^28, 1079541, 1133840, 
1154289, 1158181, 1184926; Can. PS. 157^89 and 157490). 

From a mixture of sulphuric and nitric acid the latter is distilled 
off; the vapours are carried over sulphuric acid, in order to give up 
the water, and* are then condensed. The nitric-acid vapours are 
carried through several towers in which sulphuric iicid is run down; 
that acid is cooled between each two towers. The evaporation of 
the nitric acid is* carried out in several communicating vessels, and 
tli^ vapours are passed into a dephleg mating apparatus at various 
heights; from this apparatus continuously acid containing 15 to 20 
per cent. HN() ;{ is run off. 

Sohlmann and Lundholm (U.S. P. 1009197) concentrate nitric acid 
(made from atmospheric nitrogen) by hot gases, which are u&d in 
succession lor concentrating dilute sulphuric auid, distilling strong 
nitric arid from its mixture with sulphuric acid, and ultirpa^y^or 
the concentration f)f dilute nitric acid by direct contact. 

Moscicki ((ler. I\ 250170) places between a furnace, in which 
vapours of nitric acid are made from air, and the absorbing-apparatus 
a tower containing suitable packing, in which a mixture of sulphuric 
acid of 6o° to 61 110. and nitric a< id uf # 60 per cent, is run down. 
The furnace gases take up nitric acid from this mixture and then pass 
into another tower; on their way they cool down and allow most 
of the nitric acid to separate in a concentrated form. The non- 
condensed remainder of nitric acid is retained in the second tower and 
by other suitable 'apparatus. His Austrian patent is No. 38937. A 
plant for carrying out this process has been erected by the Aluminium- 
Industric Akt. (les. at Chippy, ntar Siders (Valais). 

According to Fr. 1 \ 472775 of the Faibwcrke lldchst, and 
U.S. P. 1*14516*2 (taken out by Moest and Eckardt), nitric acid is 
concentrated in a retoit, provided with a dephlegmating column, 
headed fo a suitable temperature by means of a coating or'uy the 
nitric vapours themselves. The acid to be concentrated is continuously 
run into *the ctflumn, and the strong acid continuously run out at 
the bottom. 4 

• RasJhig (B. P. 3208, 1915 ; Cicr. P. .286973; U.S. Ps. 1130^104, 

1 1 74) combines two apparatus for the concentration of nitric acid, 
both of them consisting of shallow, flat-bottomed pans, made of cast- 
•iron, linet? with lead, # \f ith' ribs compelling the liquid to travel a 
long ftay. In the first of these pans vapours of concentrated nitric 
acid are evolved from dilute nitric acid # of 50 *per cent, and strong 
£blphuric acid (92 per £ent.), the mixture being heated to about 
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150° by means of steam of io to 12 atmospheres’ pressure, circqjating 
in a worm cast in the* pan-bottom. On its way through the pan 
nearly all the nitric acid is # evapo1*ated ; it is condensed in a stoneware 
worm, cooled outside, and runs off as highly concentrated nitric acid. 
The dilute sulphuric acid coming out of this pan is forced by air- 
pressure into a second pan, placed 20 ft. above tne first, working 
under a vacuum, and likewise heated to 150° by indirect steam. In 
this pan the dilute sulphuric acid gives off water, and the remainder 
of the nitric acid in the state of vapour, both of th&m are condensed 
in a stoneware worm, the highly diluted nitric acid running off freely 
by a descending pipe, 33 ft. long, and a dipping-pot. This dilute 
nitric acid is employed in towers for absorbing nitrous vapours, and 
thus again brought to a concentration of 50 per cent. 1 1 N ( ) 3 . The 
concentrated sulphuric acid runs out of the see ond pan through a 
long descending pipe, in which it is automatically kept by the 
atwosfi^jjic pressure at such a height that it feeds the lower pan. 

In Ger. Ps. 286122 and 292622, Raschig describes a cylindrical 
packing for absorbing and reaction towers. 

Rossi (Fr. P. 455531) brings nitric acid into contact with hot 
air, with or without steanl? in such a manner that the temperature 
of the gases on leaving thg apparatus is below 100'. According to 
his Fr. P. 455532, a mixture of dilute nitric acid with one and a half 
times its weight of concentrated sulphuric acid is passed on in the 
contraiy direction to a current of air and steam, by which process 
very pure nitric acid, up to 99.8 per cent., is obtained. According 
to his Fr. P. 463830, nitric acid is concentrat<*l # up to 42° lie. in 
a vacuum apparatus, allowing of dephlegmation and fractionation. 

The Norsk Hydro-Flektrisk Kvadstofaktieselskab ( 11 . Ps. 27239, 
1913; 19792, 1914; Ger. Ps. 278367 and 289745; Fr. Ps. 465504 
and 474995) pass the vapours of dilute nitric acid Through a tower 
fe<^ with concentrated sulphuric, acid, from which practically dry 
vapouft of nitric acid escape. Part of the sulphuric acid is j*un 
out of the tower at the bottom, cooled, and reintroduced higher up. 
The dilute siffphtiric acid formed is before its reconl'entraUon passed 
through an apparatus in which the nitric acid contained in it is driven 
out by a current of air ; the vapours are passed through the fii^t towCr. 
According to their Ger. P. 292385 the liquid is evaporated by indftect 
heating. The central part of tfie tower is kepf at the low temperature 
required for the drying operation, by drawing off part of the running* 
down acid cooling it, and reintroducing it into the tower* at a 
higher point. , 

Titlestad (U.S. P. 1 1 788*88) makes a ^nixtute of vaporised anfl 
_ » • 
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liquid^ nitric acid meet a counter-current of concentrated sulphuric 
acid. , ; 

Schall and the StickstofTwcrke Akt. Gbs. at Herringen (Ger. P. 
280965) pass a mixture of dilute nitric acid and a drying-agent through 
a tower, provided with a central tube through which heating-gases 
How, and which' on the outside has ribs in the form of spirals or steps, 
so that the mixture Hows over it evenly on a long' way. This tube 
is conveniently made of an alloy of iion with silicon or chromium. 

The SalpetersiUirc-Industrie Gesellschaft, according to B. P. 18113, 
1913; Aust. P. 61387, concentrates nitric, acid by mixing it with 
sulphuric acid or another drying-agent by means of steam or a mixture 
of steam and gases, carrying back part of the distilling concentrated 
nitric acid into the mixtme, which makes it possible to employ less 
highly concentrated sulphuric acid. This process is specially adapted 
for utilising the waste acid from the manufacture of nitroglycerin. 

Manufacture of Nitric Monohydrate (nitric acid of jjprs ^rer 
cent.). — The Vcrein chemist her Fabrikcn at Mannheim (B. T\ 20189, 
1912; Ger. P. 281211; Pr. P. 462290; U.S. P. 11 15 192, taken 
out by Ilausmann) employs for this purpose a still of the form 
of a Hat dish, heated merely at the bottom, the top being cooled 
by air or cold gases. Thereby any vaoours of sulphuric acid are 
kept back, and the nitric acid is obtained free from sulphuric acid. 
The depth of liquid in the still is only 20 to 30 mm., and the liquid 
is compelled by concentric partitions to flow in a long course over 
the heated bottom, so that the mixed acids can be continuously run 
in and the sulphurin' acid ran be continuously run out. The nitric 
acid vapours are carried away by air passing o\er the liquid, and 
are condensed in worms, touriUs, and towers, which is much more 
easily done than in vacuum apparatus. This apparatus, when com- 
paring tht total* heating surfaces, does five or six times the work of 
a Vacuum plant; besides most highly concentrated and monohydrated 
nitric arid, it produces only slight quantities of weaker acid, quite 
free from nitrogen peroxide. 

Hof (Ger. P. '1279131 ; U.S. P. 1099368) employs for the continuous 
distillation and concentration of acids an inclined tube, made of 
quartz &lass, zirconium glass, or other apid proof materials. 

♦Bayeriscke Akt.-Ges. f. Chem. und Landwirtschaftl. Fatirikate, H. 
Hackl, and H. Bunzel(T*er. P. 307601, ^th March 1916). Barium nitrate 
,is heated vith sulphuric »acij in a vessel through which the mixture is 
conveyed by acscrew device in ordej to allow of a continuous process. 

H. Frischer (B. P. 137834, 12th January 1920, conv. 31st August 
^916). Dilute nitrib acid- is vaporised by introducing it into a liquid 
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of high boiling-point, which is unaffected by it, such as photphoric 
acid, sulphuric acid, of arsenic acid, the liquid being heated to a 
high temperature (140 t 3 160' C.) and the nitric vapours conducted 
to a dephlegmator. Instead of causing the dilute nitric acid to pass 
direct into the vaporising apparatus, it may first lyi introduced into 
tBc dephlegmator, from which a part is drawn off as concentrated 
acid, and the remainder then vaporised by the heating liquid. 

Leitch ( 1 ). 1 *. 125616, 1 2th September 1916). Highly concentrated 
nitric ae id such as 91 per cent, acid is piepaied b*y distilling NaNjp., 
or dilute HNOj with relatively weak sulphuric acid such as 13 . 0 .V. 
of 84 per cent, strength, and passing the vapours through a fractionating 
column or other dephlegmator so that water or the weaker acid flows 
back to the still! The temperutuie of the column may be regulated, 
as ify a steam jacket 01 by the heat of the vapours of the still, so 
regulating the strength of the distillate. The operation^pay be effected 
uffde^fgduci'd pressure. 

Reinau (Ger. P. 305 171, 30th September i$i6). NaN 0 3 and 
NallSO, are brought into reaction, and the resulting Na.^SO., is 
returned to process for converting dilute nitric acid to solid NaNO a 
and Nall SO, (see Nos. 29*9001 and 299007). 

Norsk Hydro-Elcktrisl% Kvaelstofaktieselskab (Jap. 30228, 25th 
October 1916). Nitrosulphuric acid is first made by absorption in 
sulphuric acid, by treating the nitrosulphuric acid with steam mixed 
with nitric acid vapour, concentrated nitnc acid cun be obtained 
on the one hand and strong nitrous acid gas on jhe other hand, 
and from the latter dilute nitric acid is regenerated and serves for 
the treatment with nitrosulphuric acid. 

Washburn (Can. P. 1 73157, iqfti November 1916). A mixture 
of gases containing Nil., and O is subjected to a suitable catalyser 
at such a velocity as to cause an oxide of nitrogen anfl free NH g 
to appear in the products of readion. The products are then concen- 
trated' and separated. # • 

Washburn (Can. P. 173158, 14th November 1916). The Nip, NO,, 
from the concentrated produces specified in the precedi it^ patent is 
treated with H.,S 0 4 to give concentrated nitric acid and to form 
(NH 4 ).,SO„. ‘ * # * 

Farbw. vorm Meister Lucius und Brunin^ (Swed. P. .41751, 27th 
December 1916). Dilute nitric •acid of cftqpentration greater than 
that of an acid of lowest vapour pres*surt {about 68 fer cent.) 
heated and the vapours are allowed to pass through a separating 
column kept at a temperature corresponding to the desired 
concentration. # , # 



228 MANUFACTURE FROM CHILI SALTPETRE 


Mrfxted and Smith (B. P. 126704, 19th February 1917). In 
absorption of oxides of nitrogen a i^rge excess of- N 0 2 is used (to 
effect displacement of equilibrium of the reaction towards concentrated 
nitric acid) and the excess is afterwards removed by distillation. 
By employing fiyy and seven times the theoretical quantity of N 0 2 
required by the water present, nitric acid .of 90 and 94.5 per cerfl. 
concentration, respectively, is obtained. 

Pauling (Ger. P. 305553, 31st M<ay 1917). The aqueous nitric 
acid and the dehydrating agent with which it is mixed, e.g ., sulphuric 
acid, are heated, before or after mixing, and the heated mixture is 
submitted to the action of a current of dry air or other inert gas, 
also heated if necessary ; the evolved nitric acid vapours may be 
further treated with sulphuric acid. 

Badische Anilin- und Sodafabrik (Ger. P. 302411, 24th July 1917). 
A mixture of dilute nitric acid and concentrated sulphuric acid passes 
down two separate columns in which it is treated with rys^antfct- 
current of steam. Concentrated nitric acid is delivered from the 
first column, and a portion of the vapour issuing from the second 
column, in which the last traces of nitric acid are removed from 
the mixture, is employed in the first column instead of fresh steam. 

Birkeland, Assignor to Norsk llydro-Kluklrisk Kvaelstofaktieselskab 
(U.S. P. 1236662, 14th August 1917). A metal capable of forming 
a nitrate is treated with dilute nitric acid and the solution of the 
nitrate evaporated. The salt is decomposed with steam to metal 
oxide and a g«’S containing oxides of nitrogen, the peroxide being 
converted to nitric dxide by steam and oxygen. 

Zeisberg (Can. P. 178118, 4th September 1917). A mixture of 
nitric and sulphuric acids is causfcd to run down a column containing 
pumice stone to meet the vapours from boiling sulphuric acid of any 
convenient strength. The vapours condense and the heat given up 
drives out the nitric acid which is* condensed and collected. TJie 
smaK amounts of the lower oxides of nitrogen are absorbed in water. 

Brooke (B. P. 120951, 8th November 1917). Waste acids contain- 
ing nitric acid such as are produce^ in makijng picric acid, are 
concentrated in earthenware, enamelled, or other acid-proof vessels 
provided with coils or jackets through which pressure or superheated 
steam is circulated. A^battery of vessels each fed from a pipe and 
discharging into a treugh may be used, the vapours being led to 
a fum^ pipe. Alternatively, the vessels may be arranged so that the 
acid flows through them in series. r 

tl Toniolo (B. P. 1 635,^2 7th December 1917)." In the manufacture 
of nitric aci t d by absorbing nitrogen oxides in water in a series of 
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towers in counter-current, strong cooling of the acid passing from 
tower to tower is effected by .artificial refrigeration so that the acid 
entering each tower may he in Ae neighbourhood ofits freezing-point, 
eg, the acid entering the last tower may be at 4 to 5 0 C, that entering 
a preceding tower receiving 13 0 acid at - 8 U C. and iir an earlier tower 
ftceiving 65 per cent, acid at - 25 0 C. 

Cocking and 1 Kynoch (B. P. 130038, 2nd January 191S), Dilute 
nitric acid is neutralised with ammonia, the resulting solution 
evaporated to crystallisation of ammonium nitriTte, and the dried 
salt decomposed at reduced pressure with strong sulphuric acid 
(preferably waste acid fiom nitrating plant). 

General Chemical Company (B. P. 120546, 28th February 1918). 
Dilute nitric add is concentrated by means of air and sulphuric acid 
in distilling apparatus. A suitable < onstiuction, with operation, 
is specified. 

• G^y^ral Chemical Company (B. P. 124759, 28th February 1918). 
Dilute nitric acid from absorption is fed to a concentrating apparatus, 
having two trays containing divisions from which liquid may overflow 
into other divisions, and having provision for allowing overflow into 
a tower. Hot concentrated sulphuric acid is fed in and air, preferably 
hot. Nitric acid vapour c§capes, and on condensation yields an acid 
of 07 per cent. Dilute sulphuric acid is withdiawn. 

Guye (B. P. 131335, 2nd May 1918). Aqueous nitric acid is 
concentrated by passing into it a current of o/onised oxygen or air 
and nitrogen peroxide, which interact to form nitric anhydiide, the 
latter combining with the water present in the nitric* acid. 

Gros and Bouchardy (lb P. 131336, 2nd May 1918). In the 
manufacture of nitric acid of abouf 98 to 100 per cent, from liquid 
NO., 0 , and II., 0 , or dilute nitric acid, the NO J is employed in such 
excess as to maintain the liquid saturated throughout tht: operation, 
that is, the ratio of N 0 2 to H£) is at least 15 : 1. The action* of 
the O is continued until the lower layer consists of HNOJ of ^8 to 
100 per cent, strength containing NO,, and the upper, of NO., contain- 
ing a little hf 0 3 # of the sar^e strength. The 0 # may l*c employed 
under pressure, eg., 20 atmospneres and a somewhat raised temperature, * 
not above 30° C., may be used. The mixture is agitated during *the 
reaction. The operation maj be effected intermittentfy or continu- 
ously. In the former case, the two laytrg which form may be 
separated and the UNO, layer may be clisfilled to recov 0 r the exceie 
of N 0 2 , while the other layer which is mostly N(% may iTe used 
again; or the whole .mixture may be distilled together. 

Marks (B. P. 135535, 6th September ^918)! Concentrated nltfic 

• * 
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acid i9k produced from mixtures of nitric and sulphuric acids, such 
as the waste acids obtained in nitrating cellulose, containing 3 to 25 
per cent. HNO.< ipid not less than 64 per cent. II 2 S 0 4 , by distributing 
the acids uniformly over pieces of quartz or other material of 2 to 
3 in. in a towCr f at the lower end of which steam or a hot gas is 
admitted, the temperature of the vapour? leaving the upper entl 
of the tower being kept below 215° F., and preferably at or below 
205° F. The vapours are passed to a yondenser, and the uncondensed 
gases are absorbed in water and returned to the tower. The con- 
densate is 90 to 99.7 per cent. HNO ;i . The distributor for the 
acids entering the tower is formed with liquid discharging openings 
and with openings through which vapours from the tower pass a 
coupling leading to the condenser. The acids are 'admitted to the 
distributor by a pipe. The absorbed gases are returned by a pipe. 

Bayer and Co. (Ger. P. 310081, 7th September 1918). The 
required heat for the process is secured by employing stroj^dy pffe- 
heated ILSO., and 'utilising the heat liberated by mixing dilute nitric 
acid with the sulphuric acid. The nitric acid is driven off in a 
column apparatus which is charged with filling material and provided 
at the top with a vessel into which dilute nitric acid and hot 
concentrated sulphuric acid llow together* The temperature of the 
sulphuric acid flowing in is maintained so high that the temperature 
of the acid leaving the column is at least ioo° C. Into the bottom 
of the column air is blown in amount just sufficient completely to 
denitrate the a^id (lowing from the column. The sulphuric acid 
employed is so eoncintrated and the amount of 40 to 50 per cent, 
nitric acid added is such that the sulphuric acid leaving the apparatus 
has a strength of 74 per cent.' In this manner a nitric acid of 
about 99.5 per cent, strength is obtained with a minimum amount of 
air and without the use of steam. 

Norsk Hydro - Klektrisk Kvaelstofaktieselskab (B. P. 1203^8, 
19th* September 1918). The production of concentrated nitric acid 
from NCI, or other oxides of nitrogen is effected by passing the gas 
together with 0 and II., O or dilute nitric acid unejer pressure through 
a series of reaction vessels, so arranged that the current of 0 passes 
in \he same direction as the liquid through each individual reaction 
vessel, while ‘the O and liquid pass yi opposite directions through 
the apparatus as a wbtfe. The process may be carried out at a 
pressure of ?o atmospheres and a temperature of 70° C. Apparatus for 
use in carrying fhe process into effect is described. 

Zeisberg (B. P. ^35535, 6th September 1918; US. P. 1292948, 
2$th January 1919). Acid* mixtures containing 64 per cent, or more 
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of H 2 S 0 4 and from 3 to 25 per cent. HNO a such as spenj acids 
from nitrating cellulose, *are treated with a current of hot gases and 
steam and the nitric acid vapours are carried away and condensed. 
A concentrating tower for carrying out this process is illustrated and 
described. 

• Davis (U.S. P. 1314485, 26th August 1919). # P)ilute nitric acid 
is pre-heated and allowed to flow down a suitably packed tower, 
at the base of which are introduced nitrous gases at a temperature 
above 300° C. • 

Hechenbleikner (U.S. P. t 3 14802, 2nd September 1919). r lTe 
apparatus comprises a series of absorption towers arranged in a row 
with reservoirs at their lower ends having overflow outlets successively 
from one to another in the row. Pumps and piping arc arranged 
so tfiat liquid from each reservoir can be pumped to the top of its 
own tower for recirculation. The gases flow through the towers in 
tl«e sryj^e direction as the liquid. 

Thomas (U.S. P. 1283598, 5th November 1919). Concentrated 
nitric acid is obtained by absorbing nitrogenous gases such as those 
generated from air in an electric furnace in a liquid such as water 
under pressure, and at tl*e same time converting the lower oxides of 
nitrogen into nitric acid b^ electrolysis, at a temperature below 40° C. 

Jensen (U.S. P. 1324255, 9th December 1919). Nitric acid 
containing oxides of nitrogen is passed in counter current to nitric acid 
vapours so that NU, is expelled and condensed. The acid purified 
by this treatment is distilled and dephlegmated, producing dilute 
liquid acid and vapours of highly concentrate^ ficicl and a portion 
of the latter is passed in counter-current with the acid to be purified. 
Another portion is condensed to produce highly concentrated acid. 

Frischer (R. P. 13783 j, 12th January 1920). Liquids are 
evaporated by being mixed with a heated liquid having a boiling 
point higher than that of the Jiquid to be treated, the two lic^iids 
having no chemical action on each other. The process i» especially 
described in connection with concentrating nitric acid, suitable heating 
liquids b#ing* sulphuric acid, phosphoric acidf or solutions of 
appropriate salts, "or material in a molten state. The vapour thus 
produced is led into a (Jpphlcgmator, and a portion of the vapour 
leaving the dephlegmator may be returned thereto along with the 
freshly vaporised acid in order that a greater degree of c6ncentration 
may be attained. * • • * 

Bergve and Jensen (U.S. P. # 1338417, 2 Jth April 1920; «Can. P. 
201480, 29th" June. 1920). Concentrated nitric acid is continuously 
produced by subjecting nitrogen peroxide lAider pressure tef the 
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action* of oxygen in two or more scrubbers supplied with water or 
dilute nitric acid. The oxygen is retained ift contact with the liquid 
as long as possible, and for this purpose the oxygen and liquid are 
passed through the apparatus in the same direction in the sections 
of the plant where the reactions take place. The nitrogen oxides 
are employed in gaseous state and a temperature of 70" C., whiflh 
is favourable for the reactions, may be maintained by the heat 
produced by the oxidation of the nitrogen oxides so that external 
heating is not necessary. The oxygen is completely utilised and 
the residual gas includes only the small quantities of impurities present 
in the gases used. An apparatus is described. 

Bohrc (U.S. P. 1338418, 27th April 1920; Can. P. 201482, 
29th June 1920). Hot nitrous gases are brought 'in contact with 
nitric acid or sulphuric acid to be concentrated, the resulting vajiours 
arc condensed by contact with a cooling liquid, and the cooling 
liquid is then cooled for condensing further quantities of the^uypoiJrs 
by passing a gas Lh tough it. 

Guye (B. P. 131335, 1918; U.S. P. 1348873, 10th August 1920). 
Liquid nitrogen peroxide is caused to react for a prolonged time 
with water or dilute nitric acid in an atmosphere of oxygen. To 
keep the water saturated, the proportion of nitrogen peroxide to 
water must be at least 15:1. Two immiscible layers are formed, 
of which one, icpresenting about four-fifths of the volume, contains 
nitric acid (98 to 100 per cent. HNO s ) and its own weight of 
nitrogen peroxide. The other consists of nitrogen peroxide containing 
2 to 5 per cent. HN 0 8 . The nitric acid layer is easily separated by 
decantation and then distilled, or it may be recovered by distillation 
of the mixture under reduced pressure. The time of reaction may 
be reduced by agitation, by increasing the temperature to 30° G, 
or by compressing the oxygen up to 20 atmospheres. An increase 
of i^to 10 atmospheres reduces the time from thirty-one to four hour^s. 
The process may be intermittent or continuous. 

Moest and Eckhardt (Can, P. 206819, 21st December 1920). 
Nitric acid, 'the percentage strength of which is higher' than that 
of the acid of lowest vapour pressure/ is heated without additional 
substances, the vapours are passed through a fractionating colurpn 
in which the temperature is kept at a degree corresponding with the 
desired concentration, an*6 the vapours passing over are condensed. 

f Jensen (Can. P. 20,7546/ nth January 1921). Nitric acid to 
be concentrated ' is partially evaporated while maintaining the acid 
in motion and causing the separation of precipitated solid, and the 
valours are passed into contact with concentrated sulphuric acid. 
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Utilisation of Nitre Cake. * 

Claes (B. P. 1072 of* 1900)* describes the manufacture of “poly- 
sulpbates” from nitre cake and sulphuric acid as a commercial article. 

Kirkman (B. l\ 5703 of 1889) employs it as an absorbent for 
aftimonia, in which case a profitable utilisation <fi f Na.,SO, will be 
very difficult. • 

Giles, Roberts, and Boake (B. 1 \ 11979 of 1890) convert ordinary 
nitre cake by addition of sulphuric acid into “ penta sulphate,” Na. 2 0 , 
5SO3, 3H.X), which can be packed in iron drums [?] or ordin^Ty 
casks and usefully employed for certain pm poses (cf. Uebcl’s ‘‘poly- 
sulphate,” p. 149). 

Barbier (U.^. P. 484546) dissolves nitre cake to form a solution 
of 3^° to 45“ Uaume, and cools this down to about io° C, by which 
process it is decomposed into crystallised sodium sulphate and free 
si#ph^; acid [? |. 

Chceseman (U.S. P. 714145) describes a process which neutralises 
a solution of nitre cake by lime (or calcium carbonate), separates the 
calcium sulphate by filtration or otherwise, runs off the solution of 
sodium sulphate and utilises this, for instance, for the manufacture 
of “blanc fix” (pearl hardening), by precipitation with barium hydro- 
sulphide solution. 

Bolle (B. P. 6898 of 1904) mixes the bisulphate with about 
12 per cent, of wood shavings and about 2 per cent, of coke in a 
retort provided with a mechanical agitator, and then heats the mixture 
with agitation, till all the SO„ formed has beei* dliven out and only 
neutral sulphate remains. (This is a communication from the 
Chemische Fabrik Grunau.) • 

Nibelius (U.S. P. 873070) treats nitre cake with a volatile liquid 
which dissolves the acid, but not the sulphate, removes* the latter, 
and distils the solution under ^diminished pressure to recover *the 
volatile solvent, sulphuric acid remaining behind. • ^ 

Parker (B. P. 24639 of 1903) brings a solution of nitre cake into 
contact witfl a Targe excess of iron, thus forming ferrous aulphate and 
(by reduction of any nitrate 'present) ammonia. This sortition is 
weyked qp for ferrous salt, ammonia, and sodium sulphate. 9 • 

G. E. Davis (B. P. 1474^ of 1903) adds to a hot* concentrated 
solution of nitre cake, clay, or bauxite, aixf^ heats and agitates by 
high-pressure steam. On cooling, a mass is obtained,* suitable far 
sewage precipitation, etc.; but it»is usually worked “tip by dissolving, 
crystallising out th« excess of sodium sulphate, and then working 
for sodium alum. * * ** 
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Tte So<\ Dior fils (Fr. P. 417816) makes sulphuric acid from 
alkaline sulphates or bisulphates, to which is added bauxite or 
aluminium sulphate, by heating in a muffle, so as to liberate S 0 2 
and SO,,, which are then transformed into pure concentrated sulphuric 
acid. The aluminium sulphate, etc., is extracted from the residue 
with water and ft' treated with C() 2 , to obtain an alkaline carbonafe. 
An addition to this patent provides for the addition of coke-dust 
to the above described mixture; this mixture is heated to noo° to 
1250'’ in a muflld furnace. When the mixture begins to lose its 
bTack colour and white specks appear, it is withdrawn from the 
furnace and treated as above. 

/aim (Fr. P. 389898; U.S. P. 921329) adds to sodium bisulphate 
just sufficient water to form hydrated sulphuric acid* and the normal 
sulphate; say 6 or 7 kil. water to 100 bisulphate. Part of' the 
sulphuric acid escapes on heating, while the mixture becomes pasty, 
and in this state it is introduced into a muffle and calcined. ^ • 

Prud’homme (Kr. P. 400030) obtains SO,, or a mixture of S 0 2 
and 0, by heating natural or artificial sulphates in an electric furnace 
with simultaneous formation of anhydrous bases. By adding Si 0 2 , 
or AI 2 ().„ or Fe 2 0 3 to the sulphates, the decomposition of the latter 
is rendered more complete. f 

Uebel (Ger. P. 226110) exposes bisulphate in a finely divided 
state to the action of superheated aii, or steam, or fire gases, in 
a tower, the bottom of which consists of a calcining-hearth. 

Benker (B. P. 1844 of 1907; Ger. Ps. 204354 and 204703; 
U.S, P. 899284; Vr* P. 381863) mixes nitre cake with fine sand, 
or finely divided silicates, or anhydrous sulphates of Na, K, or Ca, 
in such proportions that the mass«does not fuse on heating. Sulphuric 
acid may be distilled off and anhydrous Na.,S 0 4 remains behind, 
without tht* destruction of the apparatus which takes place when the 
bisftlphate by itself is strongly heated- His Ger. P. 204703 gives tjje 
follq^ving instructions. One hundred parts neutral sodium sulphate 
and 25 parts nitre cake, both in the state of powder, are introduced 
into a healed milffle furnace, where the mixture af orfte gives off 
sulphurft, acid without getting into the fused state. When the 
development of acid ceases, again 25 parts nitre cake are added, 
but without any more neutral sodium sulphate, and this proceeding 
is continued, until altogether 100 • parts nitre cake have been put 
i# upon ioo*parts neutral sulphate. Now half of the charge is drawn 
out of* the furntice, and the remaining half is spread out, so that 
more nitre cake can be put in, and so^ forth, without ever having 
td"fut in any more* neutral sulphate. The sulphuric acid vapours 
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pass first through a cooler, where acid of 55 0 Be. is eonc^nsed, 
amounting to about one -half of the total acid present. The 
vapours coming away frflm the cooler, consisting g of 1 BS 0 4 , S 0 3 , 
and steam, are taken through a coke filter, wheie by means of 
a little steam, acid of 40" to 50 Be. is condensed. If it were 
intended to produce anhydrous SO,, a special Condensing plant 
would have to »be employed for the condensation of hydrated 
acid, and another such plant Jor condensing the SO., in the last 
stage of the process. % 

Campbell and Walker (B. P. 9782 of 1894) grind nitre cafe 
with nitrate of soda and charge the mixture into retorts provided 
with a mechanical agitator. 

Carroway (B*. P. 67 77 of 1899) mixes ordinary acid nitre cake 
with # sodium nitrate, heats the mixture in a retort, and blows a spray 
of weak nitric acid by means of compressed air over the mixture. 
Tfre tii^rogen oxides, mixed with steam and air, are regenerated by 
condensing-tubcs and towers into nitric acid. *It is alleged that 
ultimately a 96 per cent, acid can be produced. The lesidue is neutral 
saltcake, testing 98.36 per cent. 

The Aktiengesellschaft*l)ynamit Nobel at Vienna (Ger. P. 263120) 
describes the production of^ nitre cake in a form allowing of immediate 
calcination, for the purpose of making neutral sulphate, without the 
necessity of producing hydrochloric acid at the same time. This 
cannot be done by heating the nitre cake by itself, because on the 
large scale this is impossible without fusing it, which destroys every 
known description of apparatus. Nor can liii? be prevented by 
mixing the nitre cake with silica, silicates, anhydrous sulphates of 
sodium, potassium, calcium, etc., # as proposed by Benker. But 
it is possible by heating the nitre rake with coal, as prescribed 
in the Ger. P. 63189 of Rommenholler and Faihmaftn, or with 
sqwdust (B. P. 6898, 1904). ^cording to the new process (Gcit P. 
263*20), a carbonisable substance, like sawdust, peat, (Rc., i^ put 
into the liquid hot bisulphate as it is run out of the nitric-acid 
still; this ^:au?es ^a tempestiious evolution of g&s, and the bisul- 
phate solidifies as a loose, "spongy, extremely porous mAs. On 
calcining this in a muffle, the coal formed thereby acts as a* reducing 
agent and goes away as C0. 2k whilst the bisulphate turns even "hiore 
porous and therefore less fusible, and cant therefore be calcined at 
the normal temperature of a saltcake fflrnace. For this purpose 
from 2 to 10 per cent, sawdusl is stirred into tlTfc hot biifulphate 
run out of the nitric-acid stjlls, and the mixture is allowed to solidify 
on a cooling place, forming a black, spongj mas! which on calcinaW&n 
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is converted into a white mass without fusion, and forms neutral 
sulphate of normal composition. 

Lflfller (U.S. P. 1 10491 1) describes the £ime process. 

Stanes and Roge (B. P. of Hunnybun, No. 18605, 1914) heat 
the acid sulplKite with sulphur in a muffle, collect the liberated 
sulphur dioxide, v \nd convert the residual anhydrous sulphite irfto 
bisulphite by treatment with sulphuric acid. «. 

Mackenzie (B. P. 13907, 1915; Ger. l\ 291775) melts nitre cake 
in a saltcake-pot * after driving off tfie moisture and the weak acid, 
tfTe charge is pushed on to the roaster, where the sulphuric acid is 
driven out and led into a Glover tower or other suitable apparatus. 

Haas 1 uses nitre cake as a partial substitute for aluminium sulphate 
in the sizing of paper, * 

Howard (U.S. P. t 193552) mixes the NallSO, with an Acess 
of NaCl and sufficient sulphuric acid to produce normal Na 2 S 0 4 , and 
heats the mixture in the hydrochloric-acid furnace. ^ • 

The Metallbank und Metallurgisehe Gcsellschaft und Hans Klencke 
(Ger. P. 274873) obtain by heating the nitre cake in a continuous 
way neutral saltcake and concentrated sulphuric acid, in a single 
furnace space, the neutral saltcake formed being liquefied. Their 
apparatus is a trough of highly acid-resistjng cast iron, consisting of 
several pieces, and resting on a fireclay bed. It is provided with 
a cover of fireclay, volvie lava, or similar matters, or of cast iron 
with an insulating layer for keeping it hot. The fire gases enter at 
one end, perpendicularly to the bath, and leave the apparatus at the 
other end. The ifuruc should be clear, and not smoky. The nitre 
cake is introduced mechanically and continuously by an opening 
lined with “neutral iron”; the neutral sulphate is removed at the 
opposite end by several outlets at different heights. In order to 
protect tho» cast-iton trough against the destructive action of the 
liqifid bisulphate, and the liquid neural sulphate against contamina- 
tion Joy tlfc iron of the trough, flues are provided under neatlf the 
trough, through which cooling-air is blown. By this means, and by 
a suitable depth of the trough, it is possible to prodifce between the 
fused m;fcss and the trough a pasty layer/ 

'GarroTvay (B. P. 6777, 29th March 1^99). A mixture of nitre 
cake*with about half its weight of sodium nitrate is heated in a 
muffle furnace placed 0% the top of a pyrites burner; a mixture of 
steam and Mr is passed -into the heated charge, and the vapours 
containing nitricticid are sent in a •continuous stream into the lead 
chambers used in the manufacture of sulphuric acicf, without the 
S 9 1 Chem. Zeit 1916, p. 571. 
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intervention of a Glover tower. Or the nitric acid vapours n^y be 
condensed and applied iti the ^manufacture of ammonium nitrate and 
of lead carbonate, as directed in B. P. 2489 of 1896; in 11. P. 7066 
of 1897; and in 11. P. 22395 of 1897. The residue in the furnace 
from the working is neutral sodium sulphate, suitable for use in 
glSss-making and the like. *• 

Grossmann (Ik P. 114180, 19th March 1917). An intimate mixture 
of nitre cake and sodium nitrate, both finely ground, for instance 
so as to pass through a sieve having 60 meshes per linear inch, is 
heated and the resulting gases are mixed with air, which is drawfti 
or blown through the retort or through other parts of the apparatus. 
Atmospheric or reduced or increased pressure may be employed. 
The reaction begins at 150' C. and is complete at 250° C, and a 
practically quantitative yield of nitrogen oxides other than N.,0 is 
obtained. The solid mixture, containing a slight excess of acid, may 
be* c^yeyed through a retort heated to less than 150 C. at the 
charging end and about 250° C. at the discharging end. Agitation 
is unnecessary. The mixture may be placed on trucks previously 
covered with saltcakc or the like to facilitate removal of the product. 
The trucks may be fed singly by a screw or other pusher from an 
antechamber provided wit^i sliding doors. At the other end of the 
furnace is a similar chamber, but with a sloping floor to facilitate 
the separation of the front truck. Flues from the end chambers 
may be connected to separate condensers or to the main flue. Muffle 
furnaces like those used for saltcakc, or apparatus like baking ovens, 
may be employed. Heating may be effected by §oiftbustion, waste gas, 
steam, superheated steam, or superheated water. The nitrogen oxides 
produced may be passed directly into a vitriol chamber, or may be 
remixed with steam or a water spray, and the nitric acid condensed. 
Oxidation and condensation may be done as in the Birlieland-Eyde 
pi^cess. « • 

Freeth (B. P. 117649, 29th June 1917). Sulphuric acid k obtained 
by causing nitre cake to react with calcium sulphate and water at 
a suitable *temfyerature, e.g. <o° C., filtering off thfc t alcum sodium 
sulphate and excess of caleram sulphate, cooling the solution to 
abput ordinary temperatures and removing the separated NaHS£) 4 ; 
and then evrporating until the sulphuric acid is of 70 to 75 percent, 
strength, cooling to a temperature not ab<j?e 50" C. buf preferably 
to atmospheric temperature, and separatiftg ihe Na 2 S0 4 , 3H 2 S() 4 , 

The acid sulphates separated during the process *re used again in 
the next reaction mixture, and the double salt is treated with hot 
water to separate the Na 2 S0 4 from the Ca90 4 . t '*•* 
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Hyatt and Fellowes (B. P. 116181, 6th July 1917). A suitable 
copper ore, e.g. a carbonate ore coptaininj about 5 per cent, of 
copper carbonate, is added to about its flwn bulk of a solution of 
nitre cake containing 3 parts by weight of water to 1 of nitre cake. 
The mixture is ’heated at about ioo' C. until all the copper is dissolved. 
The copper is sifftsequently recovered from the solution by the usfthl 
methods, and the sodium salts by evaporation and recrystallisation, 
or the solution may be neutralised with a suitable carbonate, e.g. chalk, 
sodium carbonate; or, preferably, ammonium caibonate, and used as 
an insecticide. 

J. (Irossmann (B. P. 115340, 17th July 1917). Nitre cake is 
disintegrated or giound at a temperature above ordinary temperature, 
but considerably below its melting point. The suitable temperatures 
called the “critical temperature” maybe found by healing a simple 
to tempeiatures from 40 C. upwards, and testing in a mortar till 
it readily disintegrates. The nitre cake may be disintegrate^^ *he 
“critical temperature ” and then finely ground at ordinary temperature. 

Morgan ( 11 . P. 128302, 27th July 1917). Nitre cake is thrown 
on to the surface of molten or paitially solidified basic slag in a 
closed chamber. At the temperature of Fie crust of the slag, 500" 
to 700" C\, oxides of nitrogen and mosUof the free sulphuric acid 
are driven off and may be recovered. The residual sulphate is then 
mixed with the molten slag, by which a temperature of about i3oo°C. 
is attained. The remaining sulphuric acid is thus driven off, chiefly 
as SO,, sodium silicate being formed. The gases evolved at this stage 
are drawn off and Utilised in a sulphuric acid chamber or contact plant. 

Soc. Industrielle de Produits Chimiques ( 13 . P. 109814, 19th 
September 1917). Nitre cake is dissolved in water and treated with 
excess of gaseous ammonia, after which the solution is saturated with 
carbon dioxide. The precipitated sodium bicarbonate is washed and 
dri6d, and the mother liquor, neutralised by nitre cake solution, 
is i^jlutecF and cooled to or below o' C. to separate the soclium 
sulphate, and the solution is then concentrated in vacuo or otherwise 
to recover the anhnonium sulphate. 'J’he nitre cake 4 may be treated 
with wrfccr to obtain a solution rich *in acid which is treated with 
ammonia* the sodium and ammonium sulphates being separated, as 
abo\te described, and a solid salt poor in acid which, together with 
the mother liquor from 4 the ammonium sulphate, is treated as above 
described fdr the production* of sodium bicarbonate and ammonium 
sulphate. ~ . 

Grossmann (B. P. 119290, 28th September 1*9 1 7). The reaction 
bfctfteen finely powdered rfttre cake and NaN 0 3 or NaCl to produce 
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HN0 8 or HC1 is effected in the presence of coal, coke, ojj other 
carbonaceous matter in *fairly large pieces (J in. diameter or more), 
in order that the resultant nftre cake shall be friable and easily 
removable, while the reducing action of the coke, etc., is small. 
The reaction is carried out as described in patents 1 1 1S75 and 1 14180. 
I* making HC1, the temperature may be laised the later stages 
to 350° to 450' c;. 

Dawson (B. 1*. 127677, 21st November 191 7). Nitre cake or 
other acid sodium sulphate is dissolved in water 4o obtain a liquor, 
having a concentration predetei mined according to the compositiflh 
of the acid sodium sulphate and the temperature to which the liquor 
is to be cooled. The liquor is then cooled to a temperature below 
o C., which effects a separation of Glauber's salt, leaving a mother 
liqu#r having a maximum ratio of sulphuric acid to sodium sulphate. 
If a more concentrated solution is under tieatment, cooled water 
is^idded during the cooling, in quantity dependent on the original 
composition of the solution and the degiee of cooling. For example, 
in effecting the separation of Glauber’s salt without the addition of 
water, sodium bisulphate is dissolved to produce a solution of 63° Tw. 
(sp. gr. 1.315) at J 5 C. containing 36 per cent, sodium bisulphate, 
and approximately corresponding with the molecular formula 
Hof) : NajSO., : IGSO, 1000 : 425 : 4 3 5. The liquor is refrigerated 
to 21 0 C, and the Glauber’s salt which separates is removed and 
washed with cooled water, the wash-liquor being used in the prepara- 
tion of further solutions of sodium bisulphate. From 10 tons of 
sodium bisulphate the process produces about # i^ <ons of Glauber’s 
salt and 15 tons of liquor containing 26.8 per cent. 11 ,S0 4 and 2.8 
per cent. Na 2 SO,. • 

Bailey, Denny, Norris, and Goold-Adams (B. ]\ 146546, 5th January 
1918). Nitre cake, sodium sulphate, ammonium sulphate, and 
water are brought together und^r such conditions that a quantity of 
anlJ^drous sodium sulphate is precipitated equivalent to ttoe sodium 
present in the nitre cake, and, after removal of the precipitate, the 
liquor is uyed instead of sulphuric acid to absorb ftmmoyia, c.g. from 
Morid gas, coke-ove*n gas, or tfte like. The proportions of nitre cake, 
sodium sulphate, and amjnonium sulphate in the originaf mixture 
may either 1 t>e so adjusted that after absorption of the .ammonia and 
subsequent evaporation of a portion of the f \fater, ammonium-sodium 
sulphate crystallises out, and after removal of *the crystals* and furth^ 
evaporation of a portion of th^ remaining ^ater^pure ammonium 
sulphate separates og cooling, or that after absorption of the ammonia 
and evaporation of a portion of the watt* puri$ ammonium sulpflfefte 
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crystaljises out, in which case the liquor separated from the crystals is 
suitable for the treatment of a fresh supply ofttitre cake. 

Sherwood (U.S. P. 1255474, 5th February 1918). Heat from 
the combustion of sulphur is utilised to heat nitre cake and effect 
decomposition of the latter into SO., and Na 2 S 0 4 . The Na 2 S 0 4 is 
recovered as such'and the S 0 2 produced by the decomposition ai*d 
by the combustion is converted into H 2 S 0 4 .* 

Hart (U.S. P. 1258895, 12th March 1918). Nitre cake is dissolved 
in water to form /a solution of about 1.30 sp. gr., and this solution 
if cooled to - 40" C. to effect crystallisation of sodium sulphate as 
a granular mass. 

Roge (B. P. 124988, 9U1 July 1918). About 5 per cent, of 
pulverised charcoal or sawdust is incorporated with acid sodium 
sulphate, and the mixture is formed into lumps or slabs whick are 
burned in a kiln with free access of air, the acid gases being collected 
in the usual manner. » 

Dawson (B. P.» 125311, nth September 1918). Nitre calce and 
sulphuric acid are dissolved in water or in the mother liquor obtained 
in a later stage of the process, and the acid is neutralised with 
ammonia. The proportion of nitre cake r^nd acid is such that after 
neutralisation the solution contains ammpnium sulphate in excess 
of sodium sulphate (e.g. in the molecular ratio of 2.5 : 1.5). The 
concentration of the hot solution is adjusted by the addition of 
water, or by evaporation, to contain 100 to 140 molecules of salt 
per 1000 molecules of water. On cooling, sodammomum sulphate 
crystallises. Equiv*il(^it quantities of sodium sulphate and sulphuric acid 
in the form of nitre cake and acid arc added to the mother liquor, the 
concentration of the hot solution obtained is adjusted, and a further 
quantity of sodammonium sulphate crystals produced by cooling. 

Soc. industiieHe dc Produits Chimiques (B. P. 1221 72, 23rd 
Delember 1918). Alkali chromate # solution is treated with carbon 
diojjde a*id ammonia, preferably in the presence of ammoltfum 
carbonate in excess. Sodium bicarbonate is precipitated and removed, 
and the solution fs then heated to remove ammonia, \ind*ammonium 
carbonate and lime is added to prepuce calcium chromate, after 
which tlfe ammonia liberated is removpd by distillation. Nitre 
cake* is then, added to produce alkali dichromate ancl calcium 
sulphate, the latter beifig removed. by ‘filtration. 

^ GrossmAin (U.S. P! K29S334, 25th March 1919; B. P. 12832). 
NaOH* and Na. 2 $G 4 arS produced by mixing nitre cake with calcium 
sulphite to form soluble compounds in solutiop and* a precipitate, 
alWP then reacting orf the Substances in solution with Ca(OH) 2 . 
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Galt (U.S. Ps. (a) 1312782, (b) 1312783, (r) 1312784, 12th August 
1 9*9)- ( a ) A new mjfterial Jn finely divided form consists of a 
mechanical mixture of sodium bisuiphatc and a neutralising base. 
(b) The base may be sodium carbonate. (<r) The products claimed in 
a and b may be added to a lime silica batch, fused,# and made into 
gfess. #• 

Kee and Ka^blleiseh Corporation (U.S. P. 13 13 192, 26th August 
1919). Nitre cake is heated so that it evolves SO; and forms salt- 
cake. Solid sodium sulphate is then added to cai*>e solidification of 
the mass. * 

Shuey (U.S. P. 1293220, 4th February 1919). Mineral or bone 
phosphate is mixed with about twice its weight of molten nitre cake, 
and after mixing lor one to three minutes, and while the mixture is 
still •fluid, it is withdrawn from the mixing apparatus and allowed to 
set, cool, and age. About 87 per cent, of the insoluble calcium 
phtfs^hate originally present in the mixtuic is conveited into mono- 
and di-calcium phosphates. • 

Vis (U.S. P. 1294526, i8th February 1919). An aqueous solution 
of sodium bisulphate is treated with ammonia and then saturated with 
COo under pressure. , 

Evans (U.S. P. 129767P, 1 8th March 1919). A11 aqueous solution 
of nitre cake is used for extracting copper from its ores in the form 
of .vu’phate. Half as much nitre cake by weight is employed as 
there is copper to be extracted. A purer copper solution is obtained 
than with FI._,S(), alone. 

Beveridge (U.S. P. 1315811, 9th Septemlar ^9* 9). Nitre cake 
is heated with cai bonaceous material in a non-oxidising atmosphere 
at a temperature which converts thcficid sulphate into normal sulphate. 
The S 0 3 and SO_, evolved are recovered as sulphuric acid and 
sulphite respectively. • • 

Banigan and Hercules Powder Co. (U.S. P. 1332195, 2nd Mflrch 
1926). A mixture of pulverised nitre cake and sodium* nitrat^j is 
passed in a stream through a rotating tubular retort continuously 
while subjected to a tumbling movement. Near The dy>charge end 
of the stream a higher tempeAture is maintained than nearfthe inlet 
end of the apparatus. Nitric acid produced is caused to Iflow m a 
direction opposite to the travel of the stream. • • 

Holmes and du Pont (U.^S. P. 1354649, Jth October 1920). By 
continuous treatment of nitre cake with water in such fjuantities 
to prevent complete solution, a solution of 25*^ 3^ per cent* acidity 
is obtained. 
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t Acid-Resisting Cement. 

Chance and Hunt, A. E. Holley and* Webb (B. P. 110258, 1 8th 
October 1917). • This invention relates to an improved acid-resisting 
cement, and has for its object a cement which, while resisting acid, sets 
sufficiently quickly to be employed for ordinary building purposes. % 
Ordinary acid-iesisting cements usually' consist of mixtures of an 
aqueous solution of sodium silicate with acid-resisting siliceous material. 

Cements of tins type cannot be employed for ordinary building 
purposes, as they set slowly, and are not, until partially set, strong 
enough to support the weight of bricks ; they are, moreover, too sticky 
to work with a trowel. 

According to this invention there is added to such known cements 
0.5 to 5 per cent, of plaster of Paris, or calcium sulphate, or a mature 
of materials forming calcium sulphate. 

'Pile aqueous sodium silicate solution employed is preferably about 
55° to 65° Tw. ' 

A good example of the impioved cement is set out below : — 

Ground stoneware passing through a 

30 mesh to the linear inch sieve . <8 parts by weight 

Fine Leighton sand 7 ,, ,, 

Ground blue brick passing thiough a 

60 mesh to the linear inch sieve . 2 „ ,, 

6o° Tw. sodium silicate solution . 3 ,, „ 

Plaster of Paris o. 12 ,, 

The solids ^rt* intimately mixed together, a solution of sodium 
silicate being then mixed with them, either by hand as with ordinary 
mortar, but preferably from five to'ten minutes in an edge runner-mill. 

The cement should be used within an hour of making up, and 
no water or steam should be allowed to come into contact with either 
the 1 solid constituents forming the cement or with the cement itself, 
until it is thoroughly dry, and it is therefore desirable to subject Hihe 
finished work for several days to a temperature of 100 0 C. or for 
a shorter tirpe at a'higher temperature. ( 

Cements made in accordance with’ this invention are unaffected 
by mineral acids or mixtures thereof over a wide range of temperature 
and *by sulphur di-oxide or tri-oxide, nitrous gases, chlorine or 
sulphuretted hydrogen ; they are therefore particularly suitable for 
the erection^ of chimneys ^to' take the acid fumes, for reaction and 
absorbing towers,' Tt’cid storage tanks, and in fact for all cases 
where a good acid-resisting cement is required, and can be applied 
uwdfcr suitable conditions. ^ 




CHAPTER III 

M I KIC ACID MANUI'ACTCKK— ANALYTICAL 

Sulphuric Acid. 

Titration with Alkali. 

Preparation of Sample. -The sample is received in a glass- 
stoppered bottle and is thoroughly mixed by shaking before 
withdrawing any portion for the pin poses of anal) sis. 

Specific Gravity. — A portion of the sample is poured into 
a hydrometer cylinder and the specific gravity observed by 
means of a calibrated barometer. The hydrometer correction 
is applied and the specific gravity finally corrected to 15-5° C. 

Total Acidity. — The total acidity is determined by titration 
with normal sodium hydroxide solution using meth) 1 orange as 
indicator, and the results expressed as sulphuric acid ( I I 2 S0 4 ). 

Varying amounts of the samples are taken so that about 
40 or 50 c.c. of normal alkali are required for neutralisation. 

For acids of 90 per cent. 1 l 2 S 0 4 about 2-5 grams are 
accurately weighed in an oleum bulb (see p. 314), which is then 
dropped into a titration bottle containing 100 c.c. of distilled 
wa f **r and broken by means bf a glass rod, care beyig taken 
to ensure that no acid is left in the capillaries of the bulb. * 

The titratipn is then carried out by runwing in normal 
sodium hydroxide solutioif* from a burette, and tVie^ results 
calculated in the usual vvay. 

Nifkic Acid. • 

• * • 

Titration with Alkali*-*^, 

Preparation of, Sample. — The sample is cooled to I5°C. 
and thoroughly mixed by shaking the IJbttlel ’• 

Specific Gravity. — A portion o^the samjue is p'ourccfTnto 

248 _ ' 
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a hydrometer cylinder, and the specific gravity observed by 
means of a calibrated hydrometer** The hydrometer correction, 
is applied, and' the specific gravity finally corrected to 15-5° C. 

Total Acidity. — The total acidity is determined by titration 
with normal sodium hydroxide solution using methyl orange 
as indicator. 

For strong nitric acid from 2*5 to 3-0 grams are accurately 
weighed in an oleum bulb (sec p. 314), which is then dropped 
into a titration flask containing from 150 to 200 c.c. of distilled 
water and broken by means of a glass rod, care being taken 
to ensure that no acid is left in the capillaries of the bulb. 
Normal sodium hydroxide is then run in from a burette, and 
towards the end of the titration two drops of 0 05 per cent, 
solution of methyl orange are added. It is important that 
the indicator should be added at the latest possible*’ stage 
owing to the fact that it is readily destroyed by nitrous acid. 
The burette is allowed to drain for two minutes and a reading 
is then taken. Temperature and calibration corrections are 
applied as described under mixed acic s (p. 315) and the result 
calculated as nitric acid. 

Nitrous Acid. — The nitrous acid is determined by titration 
against a seminormal solution of potassium permanganate. 

Ten c.c. of the permanganate solution are pipetted into 
an Erlenmeyer* fksk containing 100 c.c. of distilled water 
which has been acidified with a few drops of sulphuric acid. 

The temperature is maintained between 20° and 40° C., 
and the acid being analysed run in slowly from a burette 
until a Lfint permanent pink coloration is obtained. 

Nitric Acid. — The percentage of nitric acid is obtained by 
subtracting the nitrous acid expressed as nitric acid (HNO a ) 
from the total t acidity expressed as nitric acid ( (HN0 3 ). For 
furtherde'tails, see under mixed ac/ds (p. 313). 

* * 

• Titanous Chloride Method . 1 

When* titanous chloride is added to a strong solution of 
sodium hydro&bUp* a reaction ensues which results in the 
precipitation of white titanic hydroxide and the liberation of 
hydrogen. ^ * 

, ‘ 1 Kne:ht. /. Soc._ Chem. lnd. % IQM, 84, 126-27. 
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The reaction takes place in two steps according tp the 
equations : — • 

> TijCl, } + 6NaOH* = Ti. ? (OH) rt + 6NaCI . ... (i) 

Ti 2 (OH) G + 2lLO - 2 Ti( 01 I) 1 + H J . . . . (a) 

• The first reaction results, according to eqyat'on (i), in the 
precipitation of black trtanous hydroxide, but this decomposes 
giving nascent hydrogen and white titanic hydroxide. 

If this reaction is carried out in a solution containing 
nitric acid, the nascent hydrogen produced effects the rcductioft 
of the latter, with the formation of ammonia according to 
equation (3) : — 

HN 0 3 + 4H, - NH 3 + 3H.() .... (3) 

The ammonia thus produced may be collected in a known 
amount of standard acid, and the quantity of nitric acid 
originally present calculated from the amount. of standard acid 
neutralised. 

This method may be used for the determination of nitric 
acid in such substances as nitre cake. 

Procedure. — Twenty grams of the crushed sample of nitre 
cake are weighed into* a distilling flask and approximately 
16 grams of caustic soda added, together with 75 c.c. of 
distilled water. The solution is brought to the boil (a few 
pieces of granulated zinc being added to prevent bumping), 
and 20 c.c. of a 15 per cent, solution of titatioiTs chloride added 
by means of a separating funnel fitted to the flask. 

The flask is connected to a Kjcldahl condenser which leads 
into a receiver containing 20 c.c. of decinormal sulphuric acid. 

The liquid is boiled for twenty minutes, after Vhich the 
flark is disconnected and the Acid titrated back with decinormal 
sodium hydroxide. * 


* Ferrous Ammopium Sulphate Method.* 

The method for the titration of nitrates by ferrous (ulpl^te 
described by Bowman and Scott 1 is based upon the fact «that 
when a substance contaiifing nitric ackl is titrated with a 
solution of ferrous sulphate, the Matter is oxidised by the. 
acid, and as soon as there is an excess oVfrmDus iron ffresent 
it combines with *the reduced nitrogen compounds to form 
1 Chem. Trade 25th September I915. % 
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a retf compound, the appearance of this red compound 
denoting the end point of the reaction* 

Bowman and Scott gave the following equation 

4 FeS 0 l + 2HN0 3 + 2H 2 S0 4 = N 2 0 s + 2Fc a (S0 4 ) 3 + 3H 2 0. 

Ferrous amiffanium sulphate has been found to be generally 
more suitable than ferrous sulphate, owing to the fact that 
an acid solution of the former do^s not deteriorate so rapidly 
as one of the latter. 

Where nitric and nitrous acids are both present the nitric 
acid alone is estimated by this method, and the results obtained 
are identical with those obtained by means of ,the nitrometer 
method. c 

The main drawback is the rapidity with which the standard 
solution changes with respect to its nitric acid value, wlych 
makes it essential that the solution be standardised every day. 
The change in value does not appear to be very regular and 
probably depends largely on the amount of air coming into 
contact with the solution. . 

Preparation of the Solution. — Fifty grams of ferrous 
ammonium sulphate are dissolved in 400 c.c. of distilled water. 
When solution is complete 500 c.c. of cold dilute sulphuric 
acid (prepared by mixing equal volumes of water and con- 
centrated sulphuric acid) arc poured into the solution with 
thorough stirring throughout the addition. The liquid is cooled 
and diluted to 1000 c.c. with distilled water. A further 1000 c.c. 
of cold dilute sulphuric acid (m as before) is then added 
and the liquid thoroughly mixed by means of a current of 
air. f The strength of the solution is varied according to the 
use for \\hich it is intended. Thus while the above solution 
is fne most suitable for the estimation of nitric acid in nitre 
cake, a much stronger solution is desirable for the estimation 
of nitrogen in nitro-cotton. For this latter p'urpose 500 grams 
of fcrroiis ammonium sulphate arc weighed out and the solution 
then* prepared as directed above. 

Standardisation df r the Solution. — Approximately 100 c.c. 
concentrated sulphuric acid are run into a 250 c.c. Erlenmeyer 
flask, &nd 10 c.t. \>f a standard solution of pure potassium 
nitrate (KN 0 3 ) containing exactly q*oi gram of nitric acid 
(FiN 0 8 ) per 10 c.c. 1 . re added by means of a pipette. 
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The ferrous ammonium sulphate solution is then nun in 
carefully from a- burette, tha end point of the titration being 
Vindicated by a permanent faint pink coloration.. 

During the titration the temperature of the liquid is kept 
bflow 30° C. by rotating the titration flask in # d basin of cold 
water. • 9 

If the 10 c.d. of standard potassium nitrate solution require 

x c.c. of the ferrous ammonium sulphate solution, then 

gram will represent the nitric acid (HN 0 3 ) equivalent of 
1 c.c. of the latter solution. 

* Nitre Cake. 

J£or plant control purposes it is usually sufficient to 
determine items 1, 2, and 3 in the following scheme : — 

Preparation of Sample. 

The sample is roughly broken up and quartered until about 
one pound remains ; tnp portion is then ground in a mortar 
as quickly as possible and again quartered so as to leave an 
anah sis sample of about 100 grams. 

1. Total Acidity. — Five grams are dissolved in water and the 
solution titrated with normal sodium hydroxide solution, using 
methyl orange as indicator. The result fs expressed as per- 
centage of sulphuric acid (H 2 SO^). 

2. Nitric Acid. — Five grams of the sample are dissolved in 

20 c.c. of water and 100 c.c. of concentrated sulghuric acid 
added to the solution, # 

The liquid is then titrated against standardised ferrous 
ammonium sulphate solution and the result calculated as per- 
centage of nitric acid (HN 0 3 ). A full description ofjthe method • 
of preparation and standardisation of the ferrous ammonium 
sulphate solution will be.found on p. 246. * • 

3. Nitrous Acid. — Five grams are weighed. out into an 
Erlenmeyer flask and dissolved in w^ater, ' Twenty c.c. of Njioo 
potassium permanganate solution are then^added and the excess, 
of the lattej titrated back with Njioo terfous ammonium 
sulphate solution/ The, result is calculated as percentage of 

nitrous acid (HNCL). 

9 
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4 . «Total Sulpliate.— The total amount of sulphate present 

is determined by precipitation a<s BaS0 4 ; 0*5 to 0-8 gr. is 
weighed out, dissolved in boiling water, and a boiling solutions 
of BaCl 2 added. The precipitate is filtered, washed with hot 
water, dried, ignited, and weighed. # 

5. Insoluble. — Twenty grams are dissolved in water and the 
solution filtered through a filter paper previously tared after 
being dried for^two hours at a temperature of ioo°C. ; the 
fiiter paper and residue are then washed several times with 
hot distilled water and finally dried for two hours in a steam 
oven. From the gain in weight of the filter paper the per- 
centage of insoluble matter in the nitre cake is calculated. 

6. Iron.— Twenty grams are dissolved in water and* the 
solution neutralised with normal sodium hydroxide solution. A 
few drops of ammonium hydroxide are added to the neutralised 
solution and the* solution filtered. The precipitate is washed 
and then dissolved in dilute sulphuric acid, the solution being 
collected in a 100 c.c. measuring flask. 

Any iron present in the solution isjreduced to the ferrous 
state by adding a small piece of zinc/ and after the reaction 
is complete the solution is diluted to exactly 100 c.c. An 
aliquot portion of the solution is then withdrawn and titrated 
with N/ioo potassium permanganate. 

7. Water. — «By difference, after determining the relative 

proportions of Na 2 S& 4 and NaHS() 4 , as shown in the following 
example: — t 


Exampje. — . 

« 1. Total acidity 
2 and 3. Nitrogen acids . 

Acidity due to NaHS(J 4 
S 0 4 jn NaWSO.j. 

. 4. 


(aj H 2 SO,) - 1.42 1 

( „ ) - -005 I ( on j g rams 

( „ ) — i*4 1 5 j nitre cake). 

( ,. ) = 2-830 (a) j - 


Vi content of total sulphate (as H 2 S 0 4 ) — 3-82 V 1 1 
» NaHS °4 •( n ' )=^3 ( 4 “ 

Na^SO, . (. *„ ) 


r to 5 grams 
0-99 (0)J nitre cake). 


«The NaHS^U^itcnt, as such 


The Na 2 S 0 4 content, 1 as such = .99 


: 2-83 (fl) * ^ = 3 ' 47 


x I 42 = ,.43 
98 43 
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The complete analysis of the nitre cake thus becomes*— 

Na 2 S 0 4 . - i -43 x 20 = 28 6 per cent. 

NaHS 0 4 3-47 x 20- 69*4 „ 

2 and 3. Nitrogen acids (as HNO ;1 ) — -003 x 20 ^ *06 „ 

5. Insoluble . . . . — -04 x 5 -2 „ 

6 . Iron . . (as Fe.jCb) - *06 x ^ -3 „ 

7. Watpr .... (by difference) - 1-44 „ 

t too- 


Alternative Method for Total Sulphate. 

The neutral solution resulting from (1) is evaporated to 
dryness on a* water-bath in a silica basin. The residue is 
dri?d in a water oven and then heated to dull redness over 
a naked Bunsen (lame, till it ceases to lose weight. The 
renting product is NaoSO, and is estimated as H.,S 0 4 

(Na,S 0 4 x 0.69 - H..SO,) 


CONSTIl^JTION OK NlTRK CaIvK . 1 

Nitre cakes of mord than 187 per cent, acidity consist of 
a mixture of sodium hydrogen sulphate and the compound 
Na 2 S 0 4 .NaIIS 0 4 . 

Cakes of loss than 187 per cent, acidity comprise a mixture 
of sodium sulphate and the compound N* 2 S 0 4 . NaIIS 0 4 , and 
contain no sulphuric acid. 

A cake of 187 per cent. acWity consists of the compound 
Na 2 S 0 4 . NaHS 0 4 and contains neither sodium sulphate nor 
sulphuric acid. * • 

The molecular proportions of a nitre cake of known acidity 
may be calculated from one of the two formulae given below*:— 


(rt) Ikacidity is less th^n 187 per cent. : — * # 

142 y I 

X — I — 0 

4900 120 y 9 0 

where • , 

x = molecular proportion of N£,SQ 4 -' • 

1 -x = molecular proportion of the comptc^ Na 2 S 0 4 . N*HS 0 4 . 
y = acidity £S per cent. H 2 S 0 4 . 



1 Butler and Dunnicliff,/. Chem. Soc. Tran A 1920, U 7 , 666. . 
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(/>)*If acidity is 187 per cent, or more, but not greater 

than 40-83 per cent. : — «. 

• _ 4900-120 y 

x — j 

where 

x - moleci!Far proportion of the compound Na 2 S0 4 . NaHSO*. 
1 -x molecular proportion of NalIS0 4 in the oilre cake. 
y acidity as per cent. FLSO,, 



CHAPTER IV 

t 

•« 

DENITRATION OF WASTE OR SPENT MIXED ACIDS • 
Spent Acids. 

In processes frhere organic substances are nitrated by using 
mixtures of nitric and sulphuric acids, a residual mixed acid 
is usually obtained containing a much lower percentage of 
nifcic acid mixed with sulphuric acid and diluted with water. 
Such a mixed acid is known as a waste, spent, or refuse acid. 
Formerly the nitric acid content of such acids was wasted, 
although the sulphuric acid content was again made available 
by a process of concfcntration. During this concentration 
process the nitric acicDwas eliminated to atmosphere. For- 
tunately such waste is now a thing of the past, and both 
nitric and sulphuric acids are recovered for use again in the 
nitrating process. 

• • 

Separation of Constituents— DSnitration. 

1. By Simple Distillation.— Jn the denitration of spent acid 

from nitration of cotton it is possible to regain concentrated 
nitric acid and dilute sulphuric acid by simple distillation as 
already described (p. 178). # * 

In denitrating many other waste acids, both sulphuric end- 
nitric acids when separated arc considerably dijuted with water. 

2. By*Steam.— A simpie and much used process of denitra- 

tion depends upon the introduction of steam to th'| bottom 
ofosome column or box Apparatus down which spent acid flows 
over suitable packing material. Nitric agid vapours pass away 
at the top of the apparatus and demtrated sulphurig acid flows 
from the base. Liberation of nitric ac’d is facilitated by* 
dilution of the sulphuric acid, as dilute sulphuric acid does 
not retain nitric and nitfous acids so well as the concentrated 
acid.^ ^ % • - 
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3. Cy Hot Air and Steam.— Occasionally a mixture of 
heated air and steam is used for cjpnitration in place of steam 

alone. • ✓ 

In processes 2 and 3 the nitric acid vapours are passed 
forward to a condensing and absorbing system as describe^ 
under nitric acid Manufacture, while the hot denitrated sulphuric 
acid is delivered from the base of the column ’into a suitable 
cooler before passing to storage. * 

• As the nitric acid content of spent nitrating acids is in 
contact with much organic matter, it is often very much reduced 





n/a To\ 
Muing Plant 


9 M'.ASi 



Fig. 10a— Section through Denitrating House, II. M. Factory, Gretna. 


to lower states of oxidation, and the direct yield of nitric acid 
from a denitrating tower may be very small, the chief recovery 
of fiitric acid being dependent ypon an efficient absorption 
sv^em fof conversion of lower oxides of nitrogen into nitric 
acid. 

• • 

* Nitro-Glyckrine Sfent Acid. 


The Plant. * 

A plant for the donitration of tltis mixed acid may consist 
of the following parts . * 

1. 'Storage accommodation for spent acid. 

2. Delivery system fpr conveying spent acid to denitration 
1 ^ # column, y 
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3. Denitration column. 

4. Nitric acid recovery# system, including condensing and 

absorption systems. 

5. Denitrated sulphuric acid cooling and receiving system. 

• 6. Steam supply. • * 

7. Building to house the plant. ^ 

Fig. 100 is a diagrammatic representation of such a plant. 

Storage of Spent Acid. * 

The spent acid is conveniently stored in lead-lined wood 
tanks, each provided with a perforated lead pipe along the 



Fig. 1 01. —And Feed Box? 


bottom to supply air for agitation when necessary, lhere is 
always a possibility of traces of nitro-glycerinc separating out 
from the spent acid, and jt is advisable to watch for- this 
happening and to guard against its accumulation Sy sti rring 
it in with the acid going forward for denitration. Air agitation 
is usefuhat stich times. . * * 

0 Delivery of Spent Acid to Denitration Colu&in. # 

If the store of spent acid is situate^ at a low level it may 
be lifted to small supply tank's above the top of th^ denitrating 
column before being fed to the latter. The lead-lined ]£estrie1r 
automatic elevator serves very well for lifting nitro-glycerine 
spent acid through lead* service lines.# m 

1 small lead feed box having a baffle A /ith a series of- holes 
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♦ 

at different levels along a diagonal line serves sufficiently well 
to regulate the supply of add tiv the tower; control to the 
feed box being effected by a regulus or earthenware cock. 



■ i 1 t ■ r ' r ' i 1 1 * r , \ ■ r . 

« 4 

Fig. 102.— D^nitrating Tower (’thermal Syndicate). 

Author’s iYoIe.— Lead trays, strips, etc*, should be avoided where dilute nitric acid is being 
ipndled. Bartbonware trays and wood supports are more suitable. 

• * 

The Denltratioh Column. 

# The denitration colurrm is usually ffom 8 to 1 5 ft. high and 
r r may be of silica wa^e or acid-resisting iron spigot and s<y:ket 
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pipes ; of pottery ware pipes having an outer casing of fl|pged 
steel pipes protected from acid by a packing of a bfcrium 
sulphate and tar mixture, o to i, rammed in hot, or one of 
powdered glass and silicate of soda solution, 4 to I ; or of 
acid-proof bricks. In any case the bottom section is usually 
of* thick lead provided # vvith # a hole for the introduction of a 
steam supply pipe and an outlet for the denitrated sulphuric 
acid. It is convenient to have a thermometer resting in the 
outflowing acid to register its temperature. * m 

Thd column is packed with graded quartz from 4 in. to 
in. size, or special packing, which rests on a chequer-work 
brick support sp arranged to give a free opening for the steam 
blower. On the top of the finest quartz a silica or Ceratherm 
ware distributing plate rests in order to provide an even 
distribution of the acid. The column stands in a lead tray 
which rests on a brick support at a suitable elevation to give 
gravity flow of denitrated acid to store. 

An interesting and effective denitration column was intro- 
duced at H.M. Factory, Craigleith, during the war by J. W. 
Romanes, an illustration of which is given in Fig. 104. It was 
built of acid-proof brick and stood only 6 ft. high. Intimate 
contact between the steam introduced at the bottom and the 
mixed acid to be denitrated was obtained by introducing 
perforated earthenware tiles at intervals, successive tiles being 
connected by pieces of earthenw r are pipe. • The bubbling and 
scrubbing effect produced proved to give a very satisfactory 
denitration. 

Nitric Acid Recovery. 

From above the distributing plate a gas takeoff leads 
the nitric acid vapours and nitrogen oxides to the condensidjf*^ 
system, frqm where th& un^ondensed gases ar£ drawn through ( 
the absorption s^J^n by %ome fume exhaustion device as 
outjined under nitric acid manufacture. 

Sulphuric* Apid Recovery. 

la 0 

The denitrated sulphuric acid leaving the base of the * 
column is passed through a lead cooler of suitable capacity 
before being carried by a lead-pipe line # to a lead-lined wooden 
tank for storage purposes. # 
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Stdhm Supply. 

Steam is supplied to the column under pressure by means 
of an acid-resisting iron perforated pipe, which is fixed injp 
the lead base pipe with blue asbestos cord and soft asbestos 
putty coated* # with hard silicate putty. Either ordinary 
saturated steanr^jdr superheated steam may be used for the 
purpose of denitration. # 



FlG. 104. — Denitrating Tgwei, II. M. Factory, Cr.iigleith. 

9 . Enclosing bunding. 

# A simple structure of wood#over a steel framework may 
he uscd*as an enclosing building for all the plant except the 
absorption system, which should be open to the air. 

t* • 

« The Process. 1 

•Successful, denitration depends on supplying just the 
correct quantity of Steam^ to bring about complete separation 
. of the nttric and sulphuric acids from the mixture, and to 
decompose the nitro-glycerine present. Occasional tests for 
nitric acid are made t on the issuing su>phuric acid by the 
\ise of ferrous sulphate solution. 
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Working Results. — The following are typical working 
results at H.M. Factory, Gretna : — 

Composition of nitro-glycerine spent acid, H 2 S 0 4 = 75-0 approx. 

T.N.A. (as HN 0 3 ) -* 8-5 (by nitrometer) 


H..O 


i6-$ 

cx>o 


Pressure of steam • . 

Temperature of steam . . •/ 

Temperature of gases leaving column 
„ 0 of acid „ 


loom, per scj. in. 
1 70" C. 

90° to t;5 u C. 

150 to 155 C. 


Average strength of nitric acid 

„ of sulphuric acid 


56 to 60 per cent. HN0 3 
73 to 74 „ H,S 0 4 


Steaqj usage . 

Average recovery of nitric acid . 

„ of sulphuric acid . 


o 1 3 ton per ton of spent acid 
97 per cent. 

997 „ 


The Nitrous Gases. 


About 2-5 per cent, of nitro-glycerine is always present in 
solution in the spent acid, and decomposition of this nitro-. 
glycerine by the steam causes the reduction of about 50 
per cent, of the nitric acid present to nitric oxide, nitrogen 
peroxide, and nitrogen. Decomposition of the organic matter 
results in the production of carbon monoxide and carbon 
dioxide, which pass forward with the nitrous gases. The 
composition of the gases leaving the deiutratipji column is 
represented by the following analysis, though it varies very 
considerably. * 


Composition before cSwfneation 


hno 3 

NO, 

NO 

H.2P 

* co 2 

CO and N 2 


267 per cent, by weight 
15-4 ,1 „• 

7-8 

34’b 

5*9 „ 8 

9*6 


1 00-0 

Importance of Absorption.;— It is thus seen that success 
in complete recovery of the nitrogen# content of fhe spent 
acid entering the denitration column as*nitric acid largely 
depends on th 5 efficient production of nitric acid from nitric 
)xide and nitrogen peroxide in the absorption system. The* 
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imrtiQcliate condensation of the nitric afid vapour presents no 
difficulties. 

Condensation. — In the condenser attached to the denitra- 
tion column the greater part of the steam and nitric acid in 
the gases is removed, and a dilute nitric acid (strength being 
dependent on sb^.am conditions, eg., whether superheated or 
not) is condensed. Using saturated steam at 170° C. the nitric 
acid condensate at Gretna was about 40 per cent. HN 0 3 , and 
was afterwards concentfated to about 60 per cent, by being 
passed forward to the absorption system where it was circulated^ r 
The following analytical figures show the composition of the 
gases leaving the condensing system : — 


Composition after Condensation — 


UNO, 
NO., ' 
NO“ 

H a 0 

co„ 

o, ‘ . 

N„d (O 


Percentage 

by 

Weight. 

Percentage 

by 

Volume. 

Percentage 
of Total 
Combined 
Nitrogen. 

5-4 

3*1 

6-6 

36-6 

24-4 

61.3 

12-4 

15*5 

32-1 

4*9 ' 

y.8 


9-3 

7-8 


1-3 

1.7 


30-1 j 

37-7 


100-0 

100-0 

100-0 


The gases are seen to be concentrated in regard to nitrogen 
compounds (43 per cent.), whereas the oxygen content is very 
small (17, per cent.). For oxidatf&ll of the nitric oxide through- 
out the absorption process, an adequate supply of oxygen has 
7p be provided. Using Pohle air lifts and carrying the 
exhausted air b*ick to the system, sufficient oxygen is provided 
by the ar thus introduced to the L/stem to b*ing about 
efficient oxidation. 

' Reactions in the Absorption Process. — Absorption of 
nitrous futrietf by water is brough f about mainly by reactions 
represented by the following eqhations : — 

( 1 ) 3tf0 2 + H 2 0^ 2HN0 3 + N0 

( 2 ) 2 NO +0. 2 =2N0 2 

c 

t Conditions for Successful Absbrption. — The amount of 
conversion of NO^ to HNO s depends on the velocities of the 
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reactions represented by the above equations, and is controlled 
largely by that oY reaction 2* which is relatively slow. Ample 
time for reaction should therefore be provided. 

Packing Materials.— C lose packing of the absorbing 
tdwers reduces the gas space capacity 0/ the system, and 
therefore is equivalent to increasing the verity of the gases. 
The use of quartz and suchlike packings is thus seen to be 
disadvantageous for absorption purposes. Adi open packings 
material which gives maximum frec*gas space with adequate 
r vVetted surface should be chosen, and many patent tower 
packings developed with these points in view are available. 

Air Supply. — T he use of an excess of air beyond what 
is necessary for oxidation purposes also reduces the reaction 
time available in the system for conversion of nitrous fumes, 
and is therefore to be avoided. 

From equation 2 above it is seen that the velocity of 
oxidation of NO is proportional to the concentration of 0 . 2 and 
to the square of the concentration of NO. The great influence 
of NO concentration on its rate of oxidation is well known. 
As long as the concentration of NO is relatively high the 
maximum rate of reaction is attained with comparatively little 
admixed air, but with low concentrations of NO the air 
requirement for maximum rate of reaction becomes much 
larger. For best efficiency, therefore, it woyld Appear necessary 
to add air at many points in the absorption system, and this 
is accomplished by use of the airlift. 

Water SUPPLY. — L^nk^f water supply (as dilute nitric 
acid) in the absorption system naturally ledds to* inefficient 
absorption. The total water content is influenced by fhe 
necessity to produce as strong a nitric acid as possible, but 
rapidity of circulation the Pohlc lifts give*»the opportunity « 
for sufficient water c"ntacf. # A too rapid circulaticfti of water, 
however, will tend to produce the same effect as close packing, 
and so reduce the time of* gas contact. / 

The absorption process fhay be worked to give a recovery 
of 94 to 97 per cent, of the combined nitroger? entering 
the system. • • 

The process of, denitration of nitro-glycerine spent acid < 
with subsequent recovery of nitric acid tvas closely investigated 
at H.M- Factory, Gretna, and a summary of a report oft*the 
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process in general, with special reference to absorption, is given 
at a fater stage (p. 265) as an indication of the problems met 
with in denitration. 

* 

Analysis of Nitro-glycerine Spent Acjd. 

t 4 . . r 

Total Nitrogy?rl Acids. — The tofal nitrogen acids are 
estimated by mean, of the nitrometer in the manner described 
for other mixed acids (p. 259^ and the results expressed 

nitric acid (IIN 0 :{ ). V The approximate quantity needed 
to give the desired volume of gas in the nitrometer is frorg 
3-0 to 3-5 grams, and this is weighed in a Lunge-Rey pipette 
which has previously been washed out with a .portion of the 
sample. , < • 

The percentage of nitric acid determined in this way 
includes the nitric acid present in the spent acid as nitric 
esters, etc., but us acid combined in this way is recovered in 
the denitration process, the method adopted is considered to 
give a fair indication of the available nitrogen acids. 

Sulphuric Acid.— The percentage of sulphuric acid is 
determined by titration of the spent acid with normal sodium 
hydroxide solution, after freeing the sample from total nitrogen 
acids by evaporation. 

About 3*5 grams of the acid are accurately weighed out into 
a shallow porcul;iin evaporating basin, by means of a Lunge-Rey 
pipette. A fcw cuttic centimetres of water are added and the 
liquid evaporated in a steam-ljath for from two to three hours, 
more water being added about every half hour. To free the 
liquid from nitric; acid quickly, it Vj-w>ential to evaporate down 
to*the smallest possible bulk each time before the addition 
of a further quantity of water is made. When it is considered 
Hiat the liquid is completely freed of nitrogen acids, the 
remaining ^sulphuric acid is diluted, c;rcfully washgd into a 
titration flask, and titrated against norm«y. sodium hydroxide 
using methyl orange as indicator. As there is little indipa- 
tioii to show when all the nitric^ acid has been driven off, 
the determination is* # alw?*ys carried out in duplicate. From 
the number of cubiq cehtimetres of normal alkali required for 
neutralisation, the percentage of sulphuric acid (H 2 S 0 4 ) present 
in the sample is calculated. 

JRJater.— The percentage of water present in the spent acid 
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is obtained by difference, that is,' by subtracting the srfjp of 
the total nitrogen aci</s and julphuric acid from ioo. 

Mote . — Nitric and Sulphuric Acid Esters.— Nitro-glycerine 
sfjent acid contains in solution nitric acid esters (including 
njono-, di-, ind tri- nitro-glycerines) and sulphuric acid esters 


in small quantities. , * / 

If the normal analytical determination £>f total acidity of a 
mixed acid is made with nit/>-glycerine spent acid, the result, 
does not include the combined acids*represented by the^-stere* 1 
content. In the nitrometer determination of total nitrogen 
acids, however, the nitric esters are decomposed with formation 
of nitric oxida, and the resulting nitric acid figure therefore 
includes a combined nitric acid content not included in the 
total acidity determination. Subtraction of nitrometer nitric 
acid from total acidity thus results in a too low percentage of 
sulphuric acid. # 

This difficulty is overcome by determining the percentage 
of sulphuric acid by titration after the nitrogen acids have 
been driven off by evaporation. 

The nitrometer determination gives the potential nitric acid 
content of the spent acid, but since in the denitration process 
the nitric esters are decomposed and their nitrogen content is 
ultimately recovered as nitric acid, the determination gives a 
reliable indication of the available nitric acid.,«Sulphuric acid 


esters are possibly hydrolysed during the # evapomtion method 
for determination of sulphuric* acid, and therefore the final 
analytical results are no doubt representative of the available 
acid content of the spent *iclu. « % 

In a report on the Analysis of Nitro-glycerine Waste Acid 
(undated) by W. 0. Jones, at II. M. Factory, Pembrey, the 
author concludes that the most accurate method of analysis 
is by the. total acidit T ^method, and subsequent deduction of 
total nitrogen acid#’, a correction being applied for the nitric 
esters and sulphuric esters present after estimation of these 
by chloroform extraction. , • • 

Jones carried out the chloroform lextraction and subsequent 
determination as follows: — The spent acid \yas extracted rapidly • 
with chloroform and the chloroform evaporated by allowing 
a current of air to play on the surface of the liquid. The nitrig 
esters in the residue were determined by nitrometer. # Jhe 
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sulpfymc esters were determined on a fresh sample by drown- 
ing ^he chloroform extraction residue in warm water, warming 
on a water-bath, and adding concehtrated nitric acid from time 
to time. Finally, concentatcd hydrochloric acid and a crystal 
of potassium .chlorate were added and all thei* nitric acid 
driven off by Evaporation to a* small bulk. Sulphuric act'd 
was now detcrmiJ^d by addition of 'barium { chloride in the 
usual manner. 

T.N.T. Si’knt Acm. 

The Process. 

•> . 

The process used is fundamentally the same as for nitro- 
glycerine sfjent acid, although slight modifications arc necessary 
here and there. 

Nitro-Bodies. # — An approximate composition of T.N.T. 
spent acid is:— 

HjSO, . . . 72-5 per cent. 

TN.A. . 4-5 „ 

H,0 . . . 23-0 

but it carries with it varying quantities of organic nitro-bodies 
such as mono-, di-, and tri-nitrotoluol. A portion of these 
nitro-bodies can be removed from the surface of the spent acid 
at rest in the $tore tanks although some goes forward to the 
denitration process.* From the denitration column the nitro- 
bodies pass forward undecomposed with the nitric acid vapours 
and are condensed along with dilute nitric acid. It is advisable 
to instal some settling system at point, so that the nitro- 
bodies may settle out while the dilute nitric acid is allowed 
to pass forward to be used a*s circulating liquid in the 
absorption system. 

Practice at PIMM. Factory, Queen's's^erry, inrolv^d further 
dilution of the condensed dilute nitric atv^ from 28 per cent. 
Hhjp 3 to about 15 per cent. JIN0 3 (sp. gr. less than M20), 
in evder to ensure satisfactory separation of the* nitro-bodies 
which were then settled ^ut in- a series of Woulffs bottles. 

, Periodically the nitro-bodies were run off to a receiver, 
washEd with water, and returned to the nitration department 
along with spent acid t^pk skimming^ 

• Admission of Air. — Another feature of Queen’s Ferry 
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practice was the introduction of air by means of a Narki 
metafijet into the fume main carrying gases from the con- 
densers to the absorbing towers. This jet caused sufficient 
suction at the head of the denitration column to admit £r 
required for ©xidation of nitric ^oxide before thd condensers, 
and provided additional air for oxidation purposes in the 
absorption systcm/V ^ 

. Plant Lay-out. 

Figs. 105 and 106 give diagrammatic representations of 
T.N.T. denitration plant lay-out at H.M. Factories, Queen’s 
Ferry and Craigleith respectively* 


OXIDATION CHAMMRS 



FiC. 106. pKigumnulic Li)-out of Deniti.ilion Plant (H.M. Krutoi)', Craigleith). 


' Working Conditions. 

The following summary of' an investigation into the best 
conditions for recovery of nitric dtoidr 4 n denitration of T.N.T. 
spept acid 'is given in an undated report from H.M. Factory, 
Queen’s Ff.rry. 

1. Sufficient air should be admitted (by suction) to the 
1 top of the deniWktion column for # tfrc oxidatien qf all the 

nitric oxide 1 present in the gases. * x s * 

2. The heat evolved in this oxidation, along with tFje 
sensible heat t of the rest of the gases, should be removed by 
proper operation of th£ condensers. 

, 3. The *gases leaving 1 the condensers should consist only 

of nitrogen peroxide, nitrogen, and excess air. 

4. The nitro-body should be removed frbm the condensed 
nilric acid, which Is then to be passed forward and fed along 
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with a sufficient supply of water irAo tljp last absorption jpwer 
of the series. The a?id is # then worked forward through the 
absorption system, meeting gases richer and richer in N 0 2 , 
a*hd finally run off to storage on reaching a strength of 50 to 55 
p$r cent. HNO.,. m * 

5. The Pohle air lifts serve three purposes : — 

(a) To elevhte the acid. 

(b) To cool the acid. , 

(c^ To promote oxidation of HNO, produced on sdTution 
• of NO, in water. 

6. The optjmum temperature in the absorption process is 
35 ° ^ 40° C. 1 

7. The velocity of the gases through the whole system 
should be as low as possible. 

8. The maximum amount of packing should be provided 
in the absorbing towers, providing the gas velocity is not 
thereby unduly accelerated. 

The Absorption Process. 

Air Supply. — In Technical Research Report No. 16, H.M. 
Factory, Oldbury, on Improvements in Recovery of Nitric 
Acid from Denitrator Absorber Towers, II. Vy. Webb shows 
that lack of sufficient air in the system fof oxid^ion purposes 
favours the right to left reaction represented in the equation — 

f»N 0 2 + 3 1 T ,,<2 == 4 1 I NO., + 2 NO + I 1 , 0 . 

Nitric oxide and peroxide interact to give nitrogdh trioxide, 
^ which dissolves in the nitric? acid, failing oxygen jjpr further 
oxidation — 

. ,J #0 + NO., = N./) r ** 

• • » 

The nitric acid solution iS thus coloured bluish green due 
to* the presence of N 2 0 3 » in solution. ♦ 

With addition of a proj^r supply of oxygen* further oxida- 
tion is effected and the bluish greeVi coloration giv^s way to 
the yellow colour due to the presence of NQ 2 . „ 

Water Supply. — Webb also records a series of experiments 
showing the effect of shortage of water-feed to an absorbing 
system in causing production of nitric acid of , maxynum 
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concentration! to take^ plii<|e in different towers of the series 
usecT!*\ The following figures show this^ — 




4 
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17 

20 


\ 

kX<» 


i hour 
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N uinbiT of Tower con- 
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SUMMARISED REPORT ON AlS In VESTIU. A'HON OF THE 

Denitration of Nitro-Geycerine sAknt Acid/ 

Objective. — To investigate the composition of the gases 
throughout the denitration plant, and to study the conditions 
giving most efficient recovery of nitric add. 

Results of Work. — I, The oxides of nitrogen leaving the 
denitrator have the average composition N : O : : I : 2 and the 
gases contain NO, N0 2 , and H N 0 ;i . 

2. The carbon of the spent acid is cbnverted into dioxide and 
monoxide according to volume ratio C0 2 : CO : : 175 (to 1*6) : 1. 

3. The gases leaving the Hart’s condensers contain over 
40 per cent, by volume of nitrogen oxides and only traces 
of oxygen. Tfih total nitrogen is distributed as follows : 6 6 per 
cent, as IINO. Jt 61*3 per cent, as N0 2l and 32*1 per cent, as NO. 

4. Admission of air at tfle top of the denitrators raises 

the temperature of the gases leading the Hart’s condensers, 

but does itot increase the amount of total nitrogen condensed 

as ‘UNO... in the Hart’s. * 

'*%■ 

5. The proportion of NO is from 1 to 3 per cent, in the 
central towers a battery. The ^rcentag^ of combined 
nitrogen a§ NO decreases as the gases pass througfi the first 
two towers and then increases towards the exit ; the chief 
losaof combined nitrogen at the exit is as NO. 

6. In the first one or r two lowers of each battery, NO is 
proportioftately more japidly oxidised than it is formed by 
the decomposition of HN0 2 ; in the later towers the reverse 

1 H.M. Factory, Gretna*Experimental Report fto. 108 (Dornock), 17th 
^uly 1918, by A. Geakc, J. D. M. Dunbar, and F. J. Squire. 
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i 

is the case, so that the function of |tl|ese is to ox|dise NQand 
absorb the resulting peroxide. ' j* 

7. Conditions 'givir^ efficient absorption of N 0 2 are maxi- 
mum area of wetted surface, and maximum concentration of N 0 2 . 
These conditions C an be attained by the use of a packing which 
gftes a large area of wetted sitrface without gccifyying excessive 

^gpace, eg , Accrington ring packing, and by ^during the volume 
of air admitted to the minimudn required for oxidation. 

8. Conditions giving efficient oxidation of NO are (rtV 
maximum free space, and (/;) maximum concentration oT NO, 

, and can be attained by using as little packing as possible, e.g., 
the outer cylinders only of Accrington ring packing, and by 
admitting the minimum volume of air. 

9. The empty towers (No. 4 of Battery I. ancl No. 5 of 
Battery II. during the test runs) compared favourably with 
the packed towers as regards absorption of # total combined 
nitrogen either as NO or N 0 2 . 

10. In the first few towers of each battery absorption of 
N 0 2 requires to be promoted, and in the later towers the 
oxidation of NO. The first four towers should therefore be 
packed with the complete Accrington ring packing, and the 
last four only with the outer cylinders of this packing. 

11. Air admitted through the Pohle lifts is sufficient to 

oxidise the nitrous fumes; air admission from other sources 
should, therefore, be avoided. • m 

12. The maximum concentration of acid obtainable in the 
absorbers is about 60 per cent. if NO.*. 

Recommendations. — V Packing of lowers, (a) Towers 
1 to 4 of each battery should be packed witlf complete 
Accrington ring packing. • v 

(/;) Towers 5 to 8 of each battery should be packed with 
the outer cylinders only/T Accrington ring packing. 

(2) Air Admission . — Tte volume of air admitted, except 
through the Pohle air Hfts, should be the minimum possible 
W*hen only cJhc or two denitrating columns are # ip use this»can 
be best carried out by reducing the Ruction of the fan. 

Experimental. — The analytical and sampling methods ( 
employed are fully dealt with in Gretna Ivxperimental Report, 
No. 96 (D.) 1 * * 

1 J. Soc. Chcm. Ind. {Trans.), 1919, 38 , 367*69. 
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PATENTS. 

Denitration. 

• 

Hirsch (Ger. P. 46096) runs the impure acid through a stoneware 
worm, placed in water of 8o° C. Air is blown in at the bottom, and 
the feed of nitric acid is so regulated that it runs out at the bottom 
at a temperature of 6o° C. and sufficiently bleached. It runs through 
a second worm placed in cold water, anti can then be put into the 
carboys. The nitrous gases escaping at the top of the first worm 
are treated in the usual manner. One worm can purify several tons 
of acid per diem. The same process may also serve for treating the 
waste acid of nitfo-gl^cerine and nitro-benzene vvoiks; in this case 
air heated to *50° C. or steam is blown in at the bottom, and the 
feed of acid is so regulated that i| issues, at a temperature of 140° C., 
as comparatively pure sulphuric acid. 

Kaesemacher (B. P. 2382, 1 908 ; - Fr* P. 386783) separates the 
aci(Js, concentrating them at the same time, by the old process of 
running tlu^n down a tower, filled with acid-proof materials, in which 
hot air ascends. 

Hechenbleikner*(U.S. P. 1264312^ jwh April *1918^ Can. P. 
191311, July* 1919). Sulphuric acid t<* be denitrated is sprayed into 
a flowing stream of steam, and oxygen is introduced into the resulting 
gase'fc. Nitric acid fumes are thus formed and condensed. 

Baer (Ger. Y 323416, 27th Fcbruafy 1919). A denitration plant 
comprises & tower built up of sections with superposed, perforated 
* plates^ arranged internally at 5 tx> 7.5 mm. distance from the walls. 
The plates have large central openings for the passage of nitrous 
vapours, and smaller ones* for the sulphuric acid flow, with partition 
wall$ ^etweep the sets of openings dividing the plates into two p^rts. 
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Contractions used . 

T. N.A. # -- Total Nitrog<^i Acids (expressed as HN0 3 ). 

S.A. t Sulphuric Acid. 

N.A. ^Nitric Acid. 

S.N.A. - Strong Nitric Acid. 

W.N.A, Weak Nitric Acid. 

M. A. — Mixed Acid. 

R.V.A. ■=• Revivifying Acid. 

N. G. - Nitro-glycerine. 

N.Co * Nitro-cotton. 

Introduction. 

• 

For the purposes of this work the mixed acids to be 
considered are those made with nitric and sulphuric acids as 
constituents. They are specially important as being necessary 
for the production of a large number of nitrated organic 
compounds used as explosives, and as bases for uwmy industrial 
products. Such mixed acids are#ncccssary for the manufacture 
of the following important substances : — 

1. Nitro-glycerine. 

2. Gun-cotton. • 

3. Picric Acid. 

4. Tri-nitro-tolueney(T.N.T.) 

5. Nitro-cotton for explosives. 

„ ' „ celluloid. 

„ collodion. 

„ „ artificial silk. • 

6. Many of the so-called “Intermediates” of the coal 

tar dye industry. 

The explosives' industry is a great user of mixed acids, 
and during the recent war preparation of such acids ytaH 
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dev^oped or! an enoj noul scale. Thq information available 
to the author is mainly a rekilt of wartime explosives 
manufacture, but the principles and practice of mixing to 
outlined are of universal application. 

« r. 

v Composition. 

The proportions of 1LS0 4 , I hV0 3 , and H.,0 in mixed acids 
f'ary.vqry considerably and depend on such factors as — f 

1. The nature of the substance to be nitrated ; and 

2 . The nitrogen content required in the compound to 

be formed. % 

The question of composition will not be dealt with further 
than by providing typical compositions worked to for the 
preparation of Various important nitrated bodies. Such are: — 



CompoHition of Mixed Acut used. 1 

.Nitr, lied Body. 





1 1 >4 0 

UNO, 

11. A). 

( I 

Nilro-glyc ciinc 2 

5«-5 

5«-4 

4 0, 4 

M 

40-0 

i-6 

13... 

5-*5 

4^5 

1-0 

( ^ . . . 

74 -o 

lS-6 

7 -4 

Gun-cotton j 2 . * . 

7o-5 

21-6 

7-9 

r 3 . ■ • - ! 

<'9’35 

- 23-15 

7*5 

Mono-mtio-toluene (M.N.T.) d 

1 ()2 0 

21-2 

1 6-8 

Tii-nilto-lolucnc (P.N.'l.) fiotn j 




M.N.T 

79-5 ‘ 

17-8 

27 

,Nitro-ccl In lose : — 




(ji) loi Cordite . 

'02-15 

23-0 

I4-S5 

(/') lot Celluloid ! 1 

44*7 

35*4 

19.9 


6i-i 

24-5 

14-4 

L . - v 

V 

M 


' — - — 


w Preparation. 

« 

The actual' preparation of mixted acids is not a difficult 
operation. s It involves a stirring together of the acids forming 
the mix, and the pJant necessary need consist only of tanks 
of appropriate capacity made of suitable maieria> and provided 
^ith facilities for agitation. 

The complete process of mixing, However, is somewhat 
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more extensive, and may be condd 


heads 


^re|l 


under the foil 


kjt*' 


ng 


1. Receipt of raw acids. • 

2. Actual mixing. 

3. Delivery of finished products^* 

4. Blenching. * 

i Storing. f 


Ravf Acids. 

* 

Th# raw acids may have to be cholbn from the following : — 

1. Sulphuric acid of all strengths. 

2. Oleum of all strengths.* 

Nitric acid of all strengths. 

4. Mixed acids returned as spent acids from nitration 
processes. 


Where possible, of course, it is advisable, to work with a 
small number of acids of regular composition. This facilitates 
and simplifies the mixing process. 


Receipt of Raw Acids. 

In a self-contained factory where all the necessary acids are 
available on the site, it is a good plan to arrange gravity flow 
for all ingredients to the mixing station. The great conveni- 
ence of this system makes it advisable to adopt the same 
practice even if the raw acids have to be jmpdfted. This can 
be done by having an elevated storage system ifito which the 
imported acids can be delivered and from which they can be 
drawn for mixing purposes as required. Apart from other 
considerations, the adoption of such a system makes the 
importation of acids independent of the exigencies ofThe 
mixing process. It also tends to insure steady feed to the 
mixing plant, independent of importation difficulties, and does^ 
much to simplify the actual jnixing operations. • 

• Materials for Handling Raw and Mixed Acids. # 

It is advisable to use lead vessels and pipe lines for sulphuric 
acids up to 94 per cent. H 2 St) 4 , nftric acids of 85* per cent. 
HN0 8 and over, and mixed acids ’containing more .than • 
20 per cent. H 2 0. . m 

With more highly concentrated sulphuric acids, oleums, an^ 
mixejl acids containing not more than 20 per cent H 2 Qj»ild 



272 * MIXED ACIDS 

ut k for lead, whilst earthenware is the 
acids of le^s thaYr 85 ppr cent. HN 0 8 . 

Actual Mixing. 

It is not designed to give an exhaustive treatment of the 
preparation of 'mixed acids for all purposes, but in general the 
principles and practice of mixing to be outlined are of universal^-- 
application. The actual mixing, process may be carried out 
by simply running regulated supplies of the constituent acids 
through a vessel filled with a previously made mixture and 
containing a suitable cooling coil, or the acids may be run 
together through a coil immersejl in cold water. More certain 
mixing is obtained by introducing the acids into a vessel 
provided With suitable agitating gear and cooling by an 
immersed cooling coil. 

Nitro-Qlycerine Mixed Acid— COMPOSITION. — A suitable 
mixed acid for' nitrating glycerine has the following com- 
position : — 

II, SO, 58.5 per cent. 

UNO., content to be not more thanVr xt a 

I. N.A. 40.4 „ 

0.6 per cent. ) , 

II, 0 1. 1 

Owing to the very low water content of this mixture the 
acids used in its preparation must be highly concentrated. 

Nitric Ann. — Nitric acid manufacturing plants can 
produce an acid of 9 2 per cent. IIN 0 8 content quite easily, and 
this acid is suitable for making nitro-glycerine mixed acid. 

Sulphuric Acid. — Assume the nitric acid available 
contains 92 per cent. T.N.A. 


ste^ should Jse substi 
best tyiaterial'- for nitri< 


* * Tor 1 00 tons of mixed acid contain- 
ing VM P cr tent. T.N.A., the 
weight of 92 per cent, nitric 

acid required is - 4^.9 tons. 

92 

Thus the weight of sulphuric acid 
c it is possible to add is 100 - 43.9 = 56.1 ,, 

And this weight of sulphuric acid 
must contain . * . v . . 58.5 „ H 2 S 0 4 . 


Therefore the strength of the 
sulphuric acid must be 


£5 

56.1 


^04.3 per cent. H 2 S 0 4 . 


This is fuming sulphuric acid or oleum. 
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OLEUM. — An oleum conveniei^ | tol produce j and hwj^le 
contains 20 per gent, free SQ s (known Is 20 per cent, ofeum) 
and analyses 104-5 percent. H 2 S 0 4 . • 

h 2 so 4 - h 3 o+so 5 

^98 == 18 + 80, 

in H 2 S 0 4 , 80 parts by vfeight of S 0 3 are combined with 18 parts by 
weight of HoO. • '' * 

100 tons of 20 per cent, oleuA = 80 tons H 2 S 0 4# + 20 tons SO^, 
This«20 tons SOj will combine with 4*5 # tons II., O to give 2^5 tons 
H 2 S 0 4 . 

therefore 100 tons 20 per cent, oleum = 104.5 tons ILS 0 4 . 



Melting-Points of Oleum . — An important point V) beaj^in 
mind in selecting an oleum fof- mixing purposes is tl^ melting- 
point. It would be most inconvenient to handle a highly 
fuming agid «t temperatures higher than 9 those ordinarily* 
prevailing, and maty difficulties would be experienced if frozen 
acjd had to be dealt with. From the accompanying curve 
(Fig, 107), due to Knietscfy, it may be seen that oleum con- 
taining about 20 per cent, free SCXjlis nfist suitable to work 
with having regard to the melting-point, as # it remains liquid at * 
all ordinary temperatures. A stronger acid which is liquid 
in summer contains *60 to 165 per cent. fr«e S 0 3 . 

The Plant.— C onsiderable heat is developed in mixing^ 
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olown and initric a^id, p amd, unless provision is made for 
cooling, rapid destruction of the mixing vessel may result. To 
get adequate -cooling, to guard against excessive loss should 
control of the mixing get out of hand, and for more convenient 
working it is found advisable to mix in two stages." 

In the first place the raw acids are mixed in preliminary 



mixing tanks, and finally a number.of such mix.es are blended 
together in blending tanks. 

Preliminary Mixer . — This may be a lead, lead-lined steel, 
or c mild steel t tank of necessary capacity. Steel tanks are 
recommended for Nitro-glycerine Mixed Acid. 

Addition of Acids. — The procedure to be adopted in 
running in the various acids necessarily depends on the 
material of the tank, bearing in mind that oleum has consider- 
able action on lead, whereas strong nitric acid has little effect, 
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and that strong nitric ^acid rapidly/ Attacks steel ^whilst <^e«m 

has little action. • # ^ ' 

• 

Agitation. — It is* very important to hatfe means for 
rapidly and efficiently mixing the acids. Although air agitation 
is 0 often resorted to it is not advisable, since # ks use entails 
considerable formation ,oT nitric acid fumC, with consequent 
destruction of apparatus and* loss of »cid. Mechanically 
propelled agitating gear is * f o be preferred. It should be 
noted here that a mere swirling round and ‘round of, nkriu 
a^d suTphuric acids docs not bring about rapid or effective 
mixing. A stirring apparatus which is very suitable consists 
of a propeller fixed on a vertical shaft, suspended within an 
open# lead or steel cylinder supported on legs jvhich are 
bolted to the bottom of the mixing tank (sec l'ig. 10S). 
Above the level of this cylinder and on the same shaft as 
the propeller is fixed a disrupter. When the* inside cylinder 
is covered with liquid, revolution of the propeller causes a 
lifting of the liquid within the cylinder in addition to imparting 
a general rotary motion to the liquid. As the lifted liquid 
falls over the cylinder into the body of the tank, the revolving 
arms of the disrupter break the orderly flow and encourage 
mixing. To ensure rapid mixing the total height of the 
cylinder should not be more than is covered by the usual 
amount of the first acid introduced to the miner. 

Cooling. — As already noted the mixing of nitric acid and 
oleum causes considerable evolution of heat and tends to have a 
very destructive effect on % the mixing apparatus. To minimise * 
this effect, cooling must be brought about as rapidly possible. 
This is done in a variety o£ ways, by the use of internally 
situated closed coils carrying cooling water, by exteffTal water 
jackets, by externally applied water sprays, or by combinations 
of these methods. • „ ** 

An effective way of ensuring sufficient cooling is to leave 
a supply of mixed acid in*the mixer at the end of each mixing 
operation. This is thoroughly cooled before ff(fsh acids are 
added, and the rise of temperature i! now much lesa marked. 
The curves overleaf serve to illustrate* the. advantage of Jthis * 
procedure. Th<^ temperature of mixing should be watched by # 
having a long-stemmed thermometer enclosed in a perforated, 
steel tube immersed in^the mixture. . .... 
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^FtJME. — During mixing* a considerable amount of fume is 
evolved, consisting ch'iefly of nitrjc acid with ‘small proportions 
of oxides of ‘nitrogen and nitrosyl-chforide. For this reason 



fflNUTES ® 20 

' * Fig. ic%. 

* V 


it i*s advisable to provide the mixing vessel with a close-fitting 
lid, and to see that all entry pipes, etc s . ar$. suitably luted. 
In order to preservers pure an Atmosphere as possible in 
th& bouse, where mixing is carried on, means should be provided 
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for exhausting the fumes from the ryijper*b y causing an induced 
draught therefrom to *a suitable chimiey. To* avoid waste 
of acid and to prevenf undue pollution of the atmosphere, it 
is very desirable that the exhausted fume should be trapped 
income absorption apparatus before discharging io the air. 

Such an apparatus njay consist of earthenware drain pipes 
yjwked with broken quartz, down which a#constant stream of 
water, or weak nitric acid can* be supplied through the agency 
of a Pohle lift. After sufficient circulation the weak ^cid so 
produced can be run out and utilised. 

A sample of fume trapped in a glass vessel surrounded by 
ice from a mixing plant preparing nitro-glyccrine mixed acid 
had Ihe following composition : — m 


II NO, 
ILSO, and HC 1 
H.,() 


79 per cent. 


Samples of nitric acid recovered in a small absorption 
tower on the same plant had the following compositions: — 


1 

• 




1 .Sample No. 

Spci lilt* 

Uiawty 

I’t-r cent. 
UNO.,. 

IVr cent. 
HoHU 4 

IVr pent. 
JUJl. 

I 

I.429 

72.28 

0*1 

trace 

2 

I- 4 I 7 

68-70 

o-S 

0 

3 i 

I.398 

63.40 

0 * 

,, 





# 


Delivery oe Mixi-y Acid to Blender.— W hen a mix 
is completed it is transferred to a blending .tank by gravity, 
by means of pumps, or by use of compressed air. If byjlhe 
latter, it is first run by gravity into an acid suitably 
situated. 9 

B LENDING? — In the blend tank several riTixes are collected 4 
and agitated by mechanical Stirrers to get a uniform mixture. 

• Sampling. — Before ^ sample is removed for analysi| it 
should be certain that through mixing has# been effected 
and that the sample removed replesenjis a uniform mixed 
acid. Too much attention cannot btf giv # en to sampling, as 
it is highly essentiaj that the analytical result shall correctly 
represent the acid which *is to be used*for nitration purposes. 
If the analytical resist recorded agrees with specification t\\c 
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bl^nd may be used for ^ration, 1 If not, its strength has to 
be adjusted. \ It is “diped.” , 

Doping.— ‘A certain latitude is allowed in the specification 
of a mixed acid. In the example already chosen, the specifica- 
tion reads : — f t 

«• » > 

H„S 0 4 . . . 5 8. 5* ± 0.4 percent. 

T.N.A. V . ' 40.4 ± 0.4 * „ 

HoO . . . . v 1. 1 ± 0.4 „ 

Any Blend of acid coming outside these limits needs a 
correcting mix or dope. 

Successful doping depends oit — 

(*) Reliable sampling. • 

( b ) Reliable analysis. 

(c) Correct measurement of the dip of the blend to calculate 

its tonnage. 

(1 d ) Correct measurements for the ingredients of the dope, 
and correct analyses of these ingredients. 

Type of Dope . — If doping is necessary, it is advisable that 
the correction be applied in as simple a manner as possible. 

If one constituent can be used, eg, sulphuric acid, 

(a) The acid can be added directly to the blender without 
the use of the preliminary mixer. 

(/>) Possible complications due to analysis of a mixed acid 
are' avoided. 

As a matter of practice blends are best prepared therefore 
with the H NO., content on the high side and the II 2 S 0 4 content 
on the low« side of specification. 

“The water content or dilution of the blend will now 
determine what can be used for doping purposes : — 

(i) If the dXution is high a strong dope is required, 

Renee oleum is used. If oleum ^does not bring the 
blend within specification,, a special method has, to 
1 be worked out. 

(ii) If the dilution is^about normal, it is necessary to add 

e an acid of about 1 per cent, dilution, />., a mixture 
r of 93 per’cent. S.A. (7 per cent, dilution) and oleum 
( — 4*5 per ce,nt. dilution). ' 

# 1 For analysis, see p. 31^. 
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(iii) If the dilution is low, 93 ^Pf r ^ ent * S.A. is adcte^ if 
this brings fhe reciting* blerAl within/specificftion ; 
if not, water has to be introduced. The introduction 
of water is conveniently made by using nitric acids 

containing water. , 

1 • • 

Calculation of the Tonnage oj a Sulphuric Acid Dope. 


Case I .—High dilution and dse of oleum, 
(i^ (a) Let the analysis of the blend ^ic 


H,SOj . 
T.N.A. . 
II/) 

and specification 
H,SO t . 
T.N.A. . 
1TO 




58:0 per cent. 
40.8 ,, 

1.2 „ 


58.5 ± 0.4 per cent. 

40.4 ± 0.4 # „ 

1. 1 ± 0.4 „ 


(If) Suppose the tonnage of the blend be 150 tons. 
(c) Let W - tonnage of the dope. 


The T.N.A. content of the blend is 150 x 0.408 tons. 

„ „ „ * final blend is to be (150 + W) x 0.40410115. 

Since no T.N.A. is to be added in the dope, these two are equal, 


/.<?. (150 + W) 0.404 -- 150x0.408 

and 60.6 + 0.404 W m 61.2 

W = 1.5 ton approx. 

"•■•■ 0 


When this is added the final* analysis is calculated thus: — 

Present H.,S 0 4 content = 150x0.58 - 87.0 tons 
H.^SO,! added -> 1.5x1.045 = 1.6 •„ 

Votal . - 88.6 


H?SO. content *= 30 - 58.5^^ cent. 

• 15^5 

m vt * 150X0.408 X 100 

*» T.N.A. „ •■= = D -- = 40.4 per cent. 

151,5 1 
H.jO ,, ♦ | • “*•*>» 

These are the specification figures.* * , 

The calculated ^composition may not come out so close as 
this case, but as long as it comes witkin ± 0 3 of specification* 
on each constituent it is safe to apply the dope. • 
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v Xhe o- 1 per cent, 
in working. \ 

(ii) Let the ’analysis of the blend be 

H.,SO. = 57.6 per cent. 

, T.N.A. = 40.8 „ 

' • H 2 0 - i. '6 v 

In this case the* dilution is above the upper limit and tffe 
oleum dope will have to bring it down as much as possible 
tp pass^the blend. Henc^ it is desirable to add the maximum 
amount of oleum. For this purpose the T.N.A. content should 
be reckoned at its lowest safe limit, i.e. t 40*1 per cent, (allowing 
the 01 per cent, for variations inVvorking). t * 

« 

r Calculating T.N.A. to 40-1 per cent. 

Equating T.N.A. in the doped and undoped blends. 

(^150-fW) x 0.401 = 150x0.408 
W = 2.62 tons. 


Lff« 


ffyr^nce is allowed for slight variations 


Calculated composition — 

H S0 = (>5° X 0.576 + 3.62 X 1.045) X TOO ^ 8 

‘ 152.62 
T.N.A - 'Sox. 0.408x100 
152.62 

II oO - I.49. 


The method of working to limits is extremely valuable in 
cases of high dilution, 

Case II.— Consider a blend 0^150 tons of composition 

H a S0 4 = 59.0 per cent. 

T.N.A. = 41.0 

* H/) » 0.0 „ 

«* «* 

Suppos^a 16-ton dope is made. 

Then the final blend will contain 166 tons. 

Present I f» 2 S0 4 content = 150.x 0.59 = 88.5* ton$ 

\, T.N.A. „ = 150 x 0.41 =’61.5 „ 

Final desired I I 2 S0 4 content = i66,x 0.585 = 97.11 tons 

1 „ T.N.A. „ =^66x0.404 = 67.06 „ 

I1.$0 4 t<& be added = 8.61 tons 

and T.ft.A. „ = 5.56 „ 

1 8 6l 

93 per cent. S.A. required = 9^5 tons 


and N.A. required 


16-9.25 = 6.75 tons. 
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Nitric acids available — 

S.N.A. . •* m . 9/per dnt. T.N.^. < 

W.N.A. . . . * . 64 „ „ 1 

» Let a: = weight of S.N.A. required 

llien (6.75 - a:) = weight of W.N.A. required. 

Eauating T.N.A. we get * • 

0.92A; + (6.75 - a;) x 0.6^ — 5.56 
0.280: -• 1.24 

and x =* 4-43 tons • 

.*. wt. of W.N.A = 6.75 - 4.43 : ~ *2.32 tons. 

Thus the required dope is - 

S.A. * y.25 tons 

S.N.A. ~ 4.4? „ • 

W.N.A 2.32 „ 

Total 16.00 „ 

General Scheme . — The following table gives a general idea 
of the possibilities of normal doping : — 

Dilution. J Dopf* required. 

- # 

Up , o-4 per cent. ILO . . Sulphuric add, strong and weak nitric acids. 

,, 0.4 to o-O per fent. ILO . Oleum, sulphuric acid, strong nitric acid. 

,, o*6 „ 0-9 „ ,, . Sulphuric acid. 

,, 0-9 „ 1*2 ,, „ Sulphuric acid and oleum. 

,, 1*2 „ i-0 ,, „ . Oleum. 

0 

High Dilution . — High dilution may result frt)m one or all 
of the following : — 

(a) Water leaking 'into the acid through the holing of 
a cooling coil. * • 

(l?) Use of nitric acid of fbss than 92 per cent. TJJ. A. 

(c) Careless pumping {eg., a weaker mix being pumped 
# as part of a bleqd of N.G. mixed a«id by mistake). «► 
With dilution exceeding* 16 per cent., it will £e necessary 
to arrange for supplies ef more concentrated oleum or mtric 
acid in order to biing the blend within specification. 

Storing. — The blend tarfks mliy p^bvide ample storage 
capacity, or it may be deemed advisable to transfer the blended . 
specification acid fr,om these to storage tanks en route for the 
nitration process. The storage capacity should be as ample * 
as possible to relieve the mixing plant of undue worries ja.S 
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ti ens 


regards output, and t6 ensure availabiltiy of supplies to the 
mixei acid i\sing plaCits. ^Furtfyer, it should be possible to 
transfer acid readily, e.g. t by pumping, from any storage tank 
to any other, so that should a leak develop, the acid may J)e 
pumped to safety. ' t 

Pumping. — if pumping is nedessary it is important to bear 
in mind that the maintenance of efficiency in the pumpiflg 
units is vital for the proper working of the mixing plant. They 
n;ufct always be capable c^f handling the mixed acids. Centri- 
fugal pumps made of steel or of cast iron handle mixdtl acids 
satisfactorily. The positive action type of pump, of which type 
the “Douglas” pump has found'great use in pumping mixed 
acids, is very effective in doing heavy work against big hea/is. 

Mixed 'Acid Suitable for Distillation. — OBJECT OF 
PROCESS. — It has been noted that only strong nitric acid may 
be used for nitro-glycerine mixed acid. In producing this 
strong nitric acid a certain amount of weak acid (55 per cent, 
to 70 per cent.) is produced, 

(a) In the distillation. 

(/>) In the absorption towers. 

In certain circumstances it may be desired to convert this 
acid to strong nitric acid. 

Theory. — The acid is mixed with concentrated sulphuric 
acid, which ha^ a great affinity for water. Thus the process 
simply amounts to :-*• 

Weak Nitric Acid + Concentrate^ Sulphuric Acid 

= Strong Nitric Acid + Weak Sulphuric Acid. 

The weak sulphuric acid produced is sent to the concen- 
trators, where the excess water is driven off and concentrated 
sulphuric*add again produced. 

Amount of Water “ Retained” by Sulphuric Acid.— 
^Assume we have fbo tons of 94 per cent, sulphuric acid. 

The residual sulphuric acid after distillation is to be 80 
per cent, strength. . ^ * 

Let x be the water held back. « 

Then we have (ioo % +.v) Ions ofresidual acid at 80 per cent. 

Hence equating HoS 0 4 we get — 

roo x 0.94 = (ioo + .r)xo.8 
jw. 94 = 80 + 0.8.V 

x = 17.5 tons. 



MIXES FOR DISTILLATION 

T 1 


283 


With other strengths of sulphuri^ acid the following results 
are obtained (pen ioo parts by weight) I * 

Concentration.* Watorhcld back. 


92 per cenr. 
• 93 » 

94 

95 

96 . 


15.0 

16-2 

• < 7*5 
188 


Calculation of Mixes.— I t is clear that the amount of 
weak gitric acid in a mix (if the to*nage of sulphuric adtUis 
fixed) will* be solely dependent upon ift concentration, and 
therefore the composition of the mixed acid will vary. 

Supposing \vp have 100 tons of nitric acid at 61 per cent., 
whi£h is to be distilled at a strength of 91 per cent.# 

the nitric acid produced - — - = 67 tons. 

0.91 

Water to be held back by sulphuric acid is iocf- 67 = 3^, tons. 

If the sulphuric acid be of 93 per cent, concentration, then 
16*2 tons of water are held back by 100 of sulphuric acid. 


Hence 33 tons of water are held back by 


100 x 33 
16.2 


204 tons. 


lienee sulphuric acid required — 204 ,, 

Similarly using 94 per cent, sulphuric acid, amount required - 189 tons, 
and ,, 92 „ ,, „ -= 220 ,, 

Varying Composition of Mixes.— in acfual practice the 
concentration of the sulphuric acid is usually fixed. Assume 
this to be 94 per cent. 

(<r) Consider weak nitric acid of 54 per cent, strength. 

100 tons W.N.A. produce 100 X tons of strong acid*- 59 tqjjs 


*)' 


.*. water to be held back 
sulphuric acitf jcquired - 
Thus the mixture consists of 


41 tons 
1 00 x 4 T 

l 7 -S 


234 tons. 



T N A. 

tI.jSOj. 

too. \ 

ioo tons W.N.A. 

234 „ sulphuric acid . 

1 

54 

• 

*... 

• 220 

• __ 

• 46 

334 „ mixed acid.# . 

54 

220 

i. 1jE!Z 

Percentage composition . 

i(>2 |>er cent. 

8 per cent. 

j 18*0 per cent. 
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<*(4) Considering weak ^nitric acid of 68 per cent, strength. 
We gU by a similar calculation a fixture consisting of - 


100 tons W.N.A*. t . 

149 „ sulphuric acid . 

T.N.A. 

68 , 

It,*#)*. 

I4O 

n B o. 

t 

32 

9 

249 ,, mixed acid. 

68 

I40 • 

4 i ° 

Percentage Composition . 

* * , 

27.3 per ccn(. 

56.2 per cent. 

1 6- 5 per cent. 

A* 

1 „ _ 

c , 


As these are the limits of adds usually produced in practice, 
mixes vary between these compositions. It will be noted that 
even the weaker mixed acid contains less than 20 per £ent. 
of water anVl therefore such mixed acid may safely be stored 
in mild steel vessels. 

TllE Mixin^. — W eak mixes are best made in lead or 
lead-lined mixers with lead cooling coils, owing to the very 
rapid action of weak nitric acid on mild steel. 

Mixed Acid for Nitro-Cotton. — The “ spent ” acid resulting 
from the process of cotton nitration can be used as a basis 
in the preparation of fresh nitrating acid, only requiring to 
be strengthened to the required specification by the addition 
of concentrated raw acids. 

The mixed acid used for the nitration varies according 
to the nitrogen consent of the nitrated product. A mixed 
acid which hAs been largely used in the production of a 
k nitro-cotton having a nitrogen content of 1 1 *2 per cent, has 
the following composition : — 

SJ( HoSOj - 62.15 percent. ± 0.3 per cent. 

v*T.N.A. 2.300 „ % ±03 „ 

H,0 - 14.85 „ ± p.i „ 

After nitration the diluted acid^ fesultingr-usualty termed 
“spent” acid or “refuse” acid — has approximately the com- 
posi|ion : — ‘ 

1J 2 S0 4 6i { o per cent. 

1 T.'N.A. ~ 19.7 „ 

H,0 -M9.3 


w It is found convenient *n practice to ‘bring this “ spent ” acid 
trp to specification by adding to it a quantity of a specially 
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prepared concentrated mixture of .sulphuric acid and *ii*ric 
acids, usually called revivifying acitl (R.V.A.). i * 

Revivification. — A% the spent acid is subject to variation 
in%composiyon, it is not usually possible to bring about the 
adjustment of its composition just by the addition of a bulk 
of R.V.A., and for this # 'reason it is a gocrtl plan to keep the 
RjpV.A. mixture ^lightly low in I I 2 S0 4 content and add sulphuric 
acid finally for exact adjustment. 

Revivification, therefore, fn ay be expressed* by the following 
equation • 


Spent Acid + R.V.A. + Sulphuric Acid Nitro-Cotton Mixed Acid. 

yhe spent dcid produced in nitration has approximately 
the same volume as the mixed acid used. Ihus,1f the whole 
of the spent acid were revivified the mixed acid produced 
would be of ever-increasing bulk. For this .reason a portion 
of the spent acid is usually distilled for the recovery of its 
constituent acids. 

The proportions of spent acid and R.V.A. used for 
revivification depend upon their relative strengths. As the 
spent acid is of fairly 'constant composition, the amount of 
R.V. A used in revivification will depend on its strength, and 
therefore the proportion of the spent acid produced in nitration 
which is made available for distillation is directly dependent 
on the strength of the R.V.A. Many factors may influence 
the strength of the R.V.A., and it has to be adjusted to suit 
the varying conditions of acid stocks, etc., on the acids area „ 
(see acids and water balance, p. 427). 

Preparation of R.V.A. — Jl l ixing. — R. V.‘ A . is conveniently 
prepared in steel tanks provided with steel cooling £oils, since 
the acid is concentrated and oleum enters largely into its 
composition.. t •» 

The acids which may be available for R.V.A. production 
are : — 

1. Oleum . . . . , . . . 104*5 m cent. H 2 SO*. 

2. Sulphuric Acid . . • t ■ ^ 93 *° » „ 

3. Strong Nitric Acid from Retorts . t 92 0 „ T.N.A. , 

4. Weak „ „ „ . . £4-0 „ „ 

5. Average % » Stills . * 85-0 „ ,, 

« w 

In mixing olefcn, sulphuric acid, strong nitric addend 
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w&al* nitric acid in a 
the oiVler named. 

Blending .— 'individual mixes are blended as already described 
under the preparation of nitro-glycerine mixed c acid. It# is 
convenient to have the R.V.A. blending tanks elevated so that 
the R.V.A. can be run by gravity into, the tanks used for 
preparing the nitro-fotton mixed acid. 

Analysis .— Each blend of R.V.A. is sampled and analysed, 
aqd if its composition i£ not suitable, is doped, but this is 
rarely necessary. < 

Spent Acid Storage . — Spent acids of less than 20 per cent, 
water content may be stored in steel vessels, but if the dilution 
is higher, lead-lined vessels should be used. . It is advisable 
to provide a perforated pipe for air agitation should an 
occasional stirring of the contents become desirable, c.g ., should 
a portion of very weak acid be added to the tank. For con- 
venience of working the spent acid store tanks should be 
elevated. Separate delivery lines may lead to the nitro-cotton 
mixed acid blending tanks, and to pumps or acid eggs for 
delivery to the distillation plant. 

The Process oi< RKViviKic.vnoN.— First the amount of 
spent acid which can be dealt with is run into a steel blending 
tank provided with stirring gear. This is mixed until of 
uniform composition and then analysed. An accurate dip is 
now taken and the tonnage calculated.. Knowing the com- 
position of the spent acid and its tonnage, and knowing the 
k composition of 'the R.V.A. and sulphuric acid available, a 
calculation is made to determine the amounts of the latter 
to bt^ruii into the spent acid to bring the whole to the desired 
compositiMi When everything is in, the blend is stirred until 
of uniform composition, sampled and analysed. As the water 
content of specification acid can only vary o-i per cent., the 
success of blending depends on strict accuracy in all dipping, 
and on the utmost care in sampling and analysis. t < 

Occasionally .the blend will requive “ doping.” 
Calculations.—' fylan^ methods, arithmetic, algebraic and 
.graphic, have been ^developed for adjustment of mixed acids 
to specified compositions, and the actual method employed by 
v any worker is often necessarily adapted to the particular 

conditions with which he has to deal. * 

v ~* . • 


steel tank, the acids are introduced in 

t 1 . ' r • 
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For purposes of illustration, it is proposed to give examples 
of each of the above methods* * * > * 


/ 


^Assume the following analyses 


• 

K \ .£ 


And 

• 

Mivd Arid. 

ltf> 0 4 . ... 

6 o-o 


Cl -0 


62-15 

HNO, . . . 

34 -o 

• 

i ()-7 


23-00 

H,0 .... 

f)*0 

0 

i **-3 

7 -o 

• 1 

• 

,p — 



_ . __ t 


. m 


IOO'O 


100-0 i 

1 

* 100-0 \ 

100 00 


'IJie Arithmetic Method. — The principle involved is : — 

1. To express the sulphuric acid and R.V.A. as ioo per 

cent, acids — thus eliminating all water from all added 
acids. 

2. To express the composition of the spent acid available, 

and the mixed acid desired wider the same conditions. 

Now if the water content so found of the spent acid be 
B per cent., and that of the mixed acid be A per cent., then, 

since no water is added, the ratio „ s P ent must be 77, by the 

mixed B 

ordinary law of mixtures. An example \\il> illustrate the 
method. • # 

Consider the R.V.A. • 

If 100 per cent. H. 2 SO } had been used in its composition 
instead of the 93 per cent, acid available, the 1I.&0 4 cdhtenl would 
have been • ( 

- 1 — - of#6o = 64.52 per cent. 

# • 93 • 

• 0 • 

is th£ water elimination factor for T.N.A. 

4 93 • 

For total elimination of water, # the N. A. # content must increase 

from 34 per cent, to 35.48 per cent. • • 

is the water elimination factor for H, 2 SO r 

34 v . « 

The spent and miJJ^ acids must be treated similarly. 
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. pie spent acid, therefore, becomes 
l ioo t , 


i?,so 4 

T.N.A. 


'of 6 1 = 65.58 pfer cent. 

93 

3 ^ 4 8 of 19.7 « 20.56 „ r 

34 

and H .,0 (by difference.) J 13.86 „ 

The mixed acid becomes 

H.,SO. = 100 of 62. r 5 - 66.82 „ 

03 


■ • (B). 


T.N.A. = 


3548 

34 


of 23.0 ~ 24.00 


and H s 0 (by difference) - 9.18 
Thus the percentage of spent acid in the mix 


• .(A). 


100 A 
13 

1 00 x 9. 1 8 
13.86 

66.22 per cent. 


(C). 


But the T.N.A. in 100 parts of mixed acid 

** 23.0 per cent. 

And the T.N.A. supplied by 66.22 (C) parts of spent acid 

66.22x19.7 „ . 

<• - ' - 13.05 per cent. 

100 

.-. T.N.A. to be supplied by R V. A. = 9.95 „ ... (D). 

But R.V.A. contains 34 per cent. (E) F!N 0 3 

, per cent, of R.V.A. in mix ** x 100 - 29.26 per cent. ) 

E 34 I 

u 1 And spent in mix - 66.22 ,, j 

.\ S. A. (by difference) = 4.52 „ J 

Thus supposing we have no tons pf spent acid 

The total blend - -- i— - * *66.2 tons 
*• 0.6622 

R’.V.A. required - 166.2 x 0.2926 = 48.61 tons 

“ and S.A. - 166.2 x 0.0452 = 7.59 „ 

For convenience and speed of working it is well to have 
a tabulated record book for this blending. . 

1 A convenient form is given on opposite page. 



RECORD OF N.Co MlklNG. Blend No.. 


Analysis of : — 

- ■ r — ~ ■ - 

“ 


It V.A. Kpentv ■ S A. ! 

•* 1 ; 

M M * 

h,so 4 . 

• 

T.N.A.. . . ' 

-« i : ! 

1 


*H a 0 . •. 

! ■ ~ - 


• 

100,0 ^ 100-0 # lOO*J> j 

100-0 


Co: position, a- u T.N.A. 

and 11„SU.. ol : — 


II.,SC) 4 t 
T.N.A. . 
ILC) . 


U.V A 

I 

Spent. 

M.A 

Nil 

• ,7») 

(A) 

100-0 

loo-o 

1 00-0 


Spent in Mix ' - 

T.N.A. m loo pait.s M.*\. 
„ in (C) Spent 
„ fiom R.V.A. 

V R.V.A. in Mix 

S.A. ,, 


Quantities Required. 


too . .. (C) 


Weight . 

it. V.A. 

| Np* nt | SA 

1 

1 

t Total, 

o- } 

Dip 





Calculated Analysis. 


From K V.A. 


Actual Analysis. 


,, Spent 
„ S.A. 


IL.SO t . 

T N A. 

• 

%».»>. [£> II 50. 

„ T.N. \. - I'Jj- T.N.A. 

„ H..O # llT) 



(G) 

(H)' 

1 00-0 0 

• 

100-0 

100-0 



Weight. 

v . - 

Dip. 


ll.-so,. , TNA. 

R.V.A. 


# 

From M.A. 

» • 

Spent . 



„ Dope- 

• • 

S.A. . 


• 


m 

Total*. I 

\ w 

V~j 

Jb 

Total 

(10 . (M) 


Calculated Analyses. 

%‘W = kTk = 


Actual Analysis. 

^‘^4 • «j 


\ 


100-0 


1000 


1 00-0 
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Algebraic Method — 

; Let .r d percentage *>f R.ViA. in mixed acid 


y 


Then i oo - (.v +y) 
Equating 11*^0, we get 

(i.) 


spent acid 
sulphuric acid 


ho. o.i 6i.oy 

“• -- "* +■ 

100 * 100 


93 “ 


93 v 
ioo 


93V 

ioo 


’1 


62.15 


.Equating HNQ S we get~ 
(ii.) • 34-o.v 

(iii.) (i.)xioo 
(iv.) (iii.) collected 
(v.) pi.) x 100 « 

(vi.) (iv.)-:- 32 
(vii.) (v.)-r 19.7 
(viii.) (vii.) - (vi.) 

whence 
from (vii.) 


R.V.A. 
Spent acid 
Sulphuric „ 


& 23 


9-7T 

100 100 

— 6 o.v 4- 6*1 y -f 9300 - 93.Y - 9 3jy 
33' + 3 2 y - 3085 

► 34' + 19- ly •= 2300 


6215 


1-031 x+y 

96.406 

1.726.V -hy 

- 116.751 

0-695' 

^ 20-345 

X 

2 9 -L 7 

V 

-= 1 '6-751 

y 

is are — 

66.23 


29.27 per cent. ] 

66.23 „ 

4-5° „ i 


Graphic Muhod.— The method described below was developed 
by R. A Fowler 1 at H.M. Factory Gretna, and was used 
successfully at Gretna for many hundreds of revivifications. 
It can be .used just as readily for doping. 

f-et the percentages of fI,SO, and HNO, in the nitrating 
acid be x and y respectively, in the spent acid and y v and 
! n l “ c revivifying, acid and / 2 , and the percentage of ILSO. 
in the sulphuric acid x :i . These compositions may be shown 
in graphical form, plotting percentages of H 2 SO, on absciss® 
and of HN0 3 on ordinates. 4 

For any given case* ard y are both fixed quantities. Let the 
point (*,>), hig. iii, % be N, and the point (* 3> o) lying on the x- 
axis, V. If the points V and N be joined and this line produced 
» indefinitely, the portioq, produced is the sulphuric acid line. 

1 / Soc. Chem. lnd. (Trans. \ 1919^, 34-36. 
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Now x v y v x 2t y* vary within certain limits according *to 
plant working. Xet the points (a\, y$ and (.v 2 , y 2 ) for any 
particular case be S and R* respectively. No\£ the line SR 
wi|l cut the line VN produced, for if not, revivification by 
oceans of The revivifying and sulphuric acids available is 
impossible (see below). *Lct*P be the point of intersection. 

(In what follows, an acid having a composition represented 
by the point S will be shortly called “S acid,” and similarly 
for other points.) * # • 

It cfln be readily shown that by mixing S acid and R acid 
in suitable proportions, any acid of composition lying on the 
line SR may be^made, and ncf other composition can be made 
by fixing S acid and R acid (see Fig. no). For if be 



greater than ,i\ the .sulphuric acid coiftent of any mixture 
of the two must be greater Jhan a\ and les 4 than .r 2 , that 
is, it must lie between ^ and ,r 2 . • 9 

Similarly, the nitric acid content of any mixture of the 
two must lie between y x and y 2 . * 

Let D be any point l>*ing between .x\ and ^>and also 
between y l and y 2 and Jet its co-ordinates be .r 0 and y Q . To 
obtain an ackl whose sulphuric content is % (by the ordinal^ 
rule for mixtures) JS acid is to be mixed with R" acid in the 
r^tio (jr 2 — .r 0 ) : (,r 0 — xj. •Similarly, to obtain an acid having 
a nitric acid content of y ot S acid must be mi^ed with R # acid 
in the ratio (_y 2 — y 0 ) : (y 0 — y x )r In crder’that both^nitric and 
sulphuric acid contents may be satisfied (* % —x 0 )/(x 0 — must • 
be equal to Let the ordinate x 0 cut RS 

at C and the ortijnatej^ cut it at H. *Then (x 2 -x 0 )/(x 0 -x 1 )* 
= CR/CS, since theV^rdinates are parallel, and (y 2 —y 0 ) / (y 0 -yj 
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-HR/HS similarly. For (*, -*,)/(*„-*,) to be equal to 
HW/HS tnust Jjc equal to CR/CS, that is, 
C must coincivlc with II, and D ‘must die on SR. Therefore 
if R acid and S acid be mixed, the composition of (he resulting 
blend lies on SR. Since P lies on SR (see Fig. m), the acid 
represented by 'it may be made 'oy mixing S acid and R acid 
in the proportion of, the lengths of PR to PS., Similarly since 
N lies on 1‘V, the acid represented by it (nitrating acid) may 
bj* made by mixing P, acid and V acid in the proportions 
of the lengths of N*V and NP. f 



Fig. hi. 


1 

Now«sipce both N and V are fixed points the length of NV 
is constant and equal to •*')“« and the tan. of the angle 

lhat NV makes wfth the x axis is y —, v ). * 

Consider the case of a unit weight of t P acid and suppose 
PN equal to VN -f m, then, in order, to obtain N acid, V acid 
and P acid ,«qust be mixed in ,the proportion PN to VN, 

ie, f ~ of*V acid to fever y unit'of P acid, giving units 

4 . VI 

. of N acid - Therefore if the line VN produced be graduated 
.towards P with divisions each equal to where 
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s is any convenient integer, each graduation will^ rep|<es*nt 
— units of V acfd to a^unit tff P afid. # | 

t Similarly, if ON be joined and produced it becomes the 
v^ater line. It may be divided in the same^manner as the 

• • t • i 

sulphuric acid line into divisions each equal to — sJx'-Yy^ 

V 

The tan. of its angle is This may be found useful in extreme 
14 • • * 
cases lt>r blends in which the content ot sulphuric and nitric 

acids is high, for in such cases the line joining B (the point 
representing the com position* of the blend) to S may not cut 
the r sulphuric acid line and the point P will then fall on the 
waterline. This, however, should only happen unexceptional 
cases, as it is obviously bad practice to add water, if it can 
possibly be avoided, since it involves the introduction into 
the system of water which must be removed at a later stage. 

Now for any particular composition of nitrating acid it is 
plainly not necessary to construct the whole of the graph 
as shown on the diagram. Only that portion need be drawn 
as shall contain the points N, S, and R (both S and R varying 
according to plant working), and this portion should be enlarged 
to a suitable size. The limits within which the composition 
of spent and revivifying acids vary in plant practice can readily 
be determined and ^he graph constructed accordingly. The 
highest nitric acid content in Revivifying acid 'and the lowest 
in spent acid will fix tjie nitric acid limits, and similarly for t 
the sulphuric acid content The limits being fixed, the point N 
is found and from it in the direction of P jijfixc is drawn 
making an angle having a ^an. of j/(.r 3 — x) witl^ Rhe .r-axis 
and produced right across the graph. This line is divided into 
equal d ivisions from N towards P, each oHvision being equal 
to */jP + (x s —x ) 2 ti°°° units (or some convenient nflultiple of it). 
Then each division will represent o-ooi ton of sulphuric acid per 
ton of (revivifying + spent) acid. The graph is # tjien complete. 

The water line may be inserted ff thought desirable. From 
N a line is drawn in the proper direction, as in the diagram, B 
making an angle vyth the .t'-axis having a tan, of y jx, and 
is divided into^qual divisions eacluequal to sJx L -\-y L / icc<T 
units (or some convenient multiple). Each division will 
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r^r^sent 0001 ton of water per ton of (revivifying + spent) 
acid. « t ] * 

The method of using the graph is simple. The composi- 
tions of the spent and revivifying acids to be used^re plotted 
by means of two pins; a graduated ruler is placed close to 
these and the 'distances SP and RI 3 are noted. Then tons 
of spent acid x SP/IJP give tons of revivifying acid required. 
And (tons spent -f tons revivifying acid) x reading on the 
sulphuric acid (or watej;) line give tons of sulphuric acid 
(or water) required. •> t 

When using the graph for adjusting the strength of blends 
that do not come up to specifications, the point B is plotted 
representing the composition of the blend, (g) If B fallr on 
either the sulphuric acid or the water line the addition required 
is immediately read off, for tons of blend x reading gives 
tons of sulphuric acid or water required. (l>) If B falls above 
the sulphuric acid (or water) line the blend may be mixed 
with spent acid in the same manner in which revivifications 
are made. ( c ) If B falls below the sulphuric acid (or water) 
line, revivifying acid may be used ^in the same manner in 
which revivifications are made. 

Example . — It is required to construct a graph for the 
revivification of spent acid varying in composition between 
19 and 2i per, cent. IINCX, and 60 and 62 per cent. H 2 S 0 4 . 
The revivifying aci(f produced on the , plant varies between 
28 and 32 pc? cent. HN 0 3 a pd 59 and 63 per cent. H 2 S 0 4 . 
The nitrating «1cid is to be 62-15 jfer cent. H 2 S 0 4 and 23 
per cent. IINO., and the sulphuric acid available contains 
93 percent! Lr SO.,. The limits of the graph are in this case 
19 to 32*pfr cent. HNO s and 59 to 63 per cent. II 2 S 0 4 , and 
therefore a scale of 1 in. to 1 per rent, will be convenient. 
The tan. of the anjjle that the sulphuric acid line mfikes with 

the .r-axis = — } — - = — The r sulphuric acid line 
x*-x 93-62-15 30 - 85 * 1 t 

can then be drawn. If considered necessary the water line can 

' « ' y 23 

be inserted as well. *The tan. of its angle is -- — The 

1 0 x 62-15 

divisions must now be marked off on thersulphuric acid line. 

Each is to be \/y~ + (x^— xf + 1000 in., *>., approximately in. 

tonsequently if divisions of T 3 3 in. be marffed ofif they can be- 
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iftm^ered 0002, 0-004, 0 006, etc. The divisions on the water 
line aVe to be- v /.t‘“+j%f 100^, or nearly* -Jv in. * 

An example of a revivification by the above graph is given. 
Spent acid 60-9 per cent. H 2 S0 4 , 20 per cent. IIN0 3 <j revivifying 
acid 6 1 -4 per cent. H 2 S0 4 , 28 9 per cent. HN0 3 . The distance 
PS is 96 mm. and RS is 130 mrrf. The sulphuric acid reading 
is 0-034. Therefore 100 tons of spent acid will require 
100x96” 130 = 73-85 tons of revivifying acid, and the amount 
o^sulphuric acid required, will be 1^3-85 x 0-034 = 5-91 tons. A 
reduced sketch of tht above graph is given in Fig. 1,12. 

In practice the graph is best mounted on a sheet of 
composition board strengthened with an edging of batten 
and is covered with tracing cloth to pre.scrvp it. When the 
pin-holes become too numerous the tracing cloth is renewed. 

The graph is approximately 14 in. by 18 in., and any con- 
stituent can be* readily calculated to within 0-02 per cent, 
in the nitrating acid. 

General Formula. — L. Clement 1 gives the following general 
formulae for revivifying spent acids after nitration : — 

N M 100 + .vy l -.v l >] 

n(s-.x)--ys 

g 1 00 [;/ (,v - .v 1 ) -f x x y - xy 1 ] 

* s (f l - v) - NX 

Where N - weight of nitric acid per 100 parti by weight of spent acid 
S , 4 sulphuric r ^ „ 

x = per cent. 1 I ..SO., in original mixed acid 
^ v - V „ • HNO, 
x 1 - „ H , SO, in spent ‘acid 

„ hno 3 

9 s -= strength «of sulphuric acid us^d to revivify «. 

11 ~ * ,, nitric „ * 1 

Modified Revivification Process. — A slighCly modified 
procedure for the revivification of spent nitrating acids is 
outlined by W. Young 2 «as follows: — 

Ifi the process 6f preparing the nitration mixtures, spent 

1 Le Caoutchouc et La Gutta-Percha, 190^8, 3019. 

* 2 J. Soc. Chem. hut . (Trans.), 1920, 89 , 315-16 
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or refuse acid from the manufacture of nitro-cotton re$pi\^s 
a preliminary adjustment by^the ^Jcfttiqji of fuming nitric acid 
and oleum. This treatment corrects the composition of the 
refuse acid, fringing it somewhere near the composition specified 
for the nitration process. The corrected mixtyre, or “bulked 
acid,” as it is called, may*provte to fall within tlfe limits allowed 
in die specification laid down for the nitrating mixture, but 
it may not do so and will therefore require further correction, 
which is effected by addition of nitrjc acid, oleum, or ref»se 
acid, of usually of two of these acids* in calculated pro- 
portions. The use of water is avoided, except under special 
circumstances. • # • 

Algebraic Circulation.- - The following algebraic cncthod has 
been used for the calculation of the proportional parts at a 
large explosives factory with satisfactory results. After trial 
it has proved much less laborious than the arithmetical method 
and more adaptable to changing conditions than the graphical 
method, and with certain justifiable assumptions it can be used 
for constructing tables from which the proportional parts may 
be written down. • 

The method is most easily demonstrated by the working of 
examples, and, for the sake of convenience, the abbreviations 
N/A, S/A, R/A, M/A, and B/A will be used respectively for 
nitric acid, oleum, refuse acid, specified ^nixecT acid, and the 
“ bulked acid ” referred to above. f 

Example I. — A batcl of bulked acid is fbund to require 
correction by means of 90 per cent, nitric acid and 20 per cent, 
oleum to bring it to a certain specified composing. Let the 
required proportions be 100 parts of bulked acid* 4 » parts of 
oleum, and y parts of nitric acid, on mixing which 100-f x+y 
parts of # the* specified mixed acid will db obtained. Tut) 
independent equatjpns are Available for finding the values of 
xandy. The example is» worked out as follows : — 


Acid. 

-# 

11/ A* 

• 

• 8/A * N/A. 

M/A. 

Analysis - 

per cent. I1NO, . 

.. ivso, . 

„ H,0* . 

22*0 

66.0 

I 2-0 

100*0 

90*0 

iop 5 * o-o 

- 1 o-o 

100*0 1000 | 

23-0 

67 ?b 

10*0 

100*0 # 

- • 
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v TJhe equation connecting HNO $ contents is: — 


C 2 2.0 , * 0.0 I, *00 2X flOO + X + v) 

ioo x 1 — + x x — + y x =% — ' iA /J 

loo ioo ioo • ioo 

Rewritten, this equation becomes - 23a* + 67 y ~ i 4 o 

Similarly, the equation from IT./) 

contents becomes . . . , 14.5.V = 200 




Solving these equations, x — 1^3793 and y = 6-228. 

^ The required proportions are therefore 100 parts of bulked 
acid, 13793 parts of^leum, and 6 228 parts of nitric, acib. 

Example 2. — A general case in which the correcting acids 
are refuse acid of known composition and 92 per cent, nitric 
acid. Proceeding as before, we have the following : — , 


Ac-Ill 

h/a. 

11 /A. 

N/A. 

M/A. 

( pei rental (NO. . 

a 

KjO 

92-0 

23.0 

Analysis | „ II., SO, . 

b 

()S-0 

0-0 

67.0 

1 „ ILO • 

c 

1 3-0 

S-o 

10-0 


IOO 

1 00-0 

100-0 

1 00-0 


The UNO., and the 1 L 0 contents furnish two equations, 
viz. : — 


4.V-60V -■= ioo(tf -23) . . . (1) connecting UNO., contents, 
and 3-v 2_v - roo (10 - c ) . . . (2) connecting II/) contents. 

» 

Solving equations (1) and (2), we find— 

* 

v -v - 34.673 (10 - c) - i.$o5(rt- 23), 

and y 2.010(10 -c) ~ 1.508 [a- 23). 

* * 

The§e general formulae for x and y may now be used for 
drawing up tables, on the assumption that the compositions 
ctf the correcting a<*jds and the specific mixed acitj are constant. 

This assumption is dealt with later* * * 

* 

Construction of Tables : — • . 

In practice Jhe terms (10-f) end (tf-23) are usually of 
small magnitude, arftj a working table from which the pro- 
portional parts of correcting, acids can practically be read off 
is easily constructed. % 

The following skeleton table is drown ui^fbr the conditions 
%iven in Example 2 : — * 



ALGEBRAIC METHO p 


299 


Table I. 


Parts of Correcting fields per i<fo *pa#s of Buiked Actd. 

Parts refuse acifl - 34.673 (10 - c) - 1-005 (a- 23). 
t f ,, nitric ,, = 2010(10 -1) - 1-508 (<?- 23). 


l &-c or ( a - 23) - 

0-01 

002 

003 

| 0*1 0-2 0-3 


20 

34.673 (10- c) = 

I- -05 ( a - 23) ^ 

o -35 
0-0 1 

* 

0-69 

002 

IO4 

003 

3-47 6.94 IO.4O 

1 0*10 0-2^ 0-30 

34^7 

101 

69-35 

201 

2-OIO (iO - <) - 

0-02 

OO4 

006 

j 0-20 0-40 0-60 I 

2-01 

4*02 

1.508 (a -23) - 

1 

002 

003 

<*>5 

| 0-15 # 0.30 0-45. 

1 

1*51 

• 

3-01 ~ 

• 


• ' In Exam’ple 2, if ^ = 22-65 and ^ = 9-85, then (a — 23) = -0-35 


and (10— c) = oi5. Using the formula; or the completed table 
it wilj be found ‘that 5-55 parts of refuse acid and 0-83 part 
of nitric acid are required to correct 100 parts of bulged acid. 

Similar tables can be constructed for correction (1) with 
oleum and nitric acid, and (2) with oleum and refuse acid. 

If in using any table or formula negative results are 
obtained, correction is impossible with the acids represented 
in the table, and must be carried out by some other combination 
of acids. For instance, in Example 2, if a — 2 2-65 and c— 10-55, 
oleum and nitric acid are* required for correction, and Table I. 
would give a negative result. 

The use of tables is possible on the assumption that the 
refuse acid, oleum, and nitric acid are constant as regards 
composition. In practice this is never th# case, but variations 
within ±2 per cent, of the average compositions have little 
effect, as is shown in T^ble II.:— • 

Table II. 


1000 lb, op Nitric Acid added to 100,000 lb, A fixed Acid. 

Calculated Jiffcit of a 2 per cent. Variation in the Strength of 
the Nitric Acid on the Composition of the JN suiting Mixture^ 


r 

Composition of 
tlie original 
' mixed acid. 

* ^ Cotnimitiofl after addition of 

• 

Variations in 
resulting 
composition^ 

• • 

• 

1000 lb. of HO / N/A. 

moo lb. of 02 N’/A. 

220 % UNO, 

680 „ n 11 so l 

100 „ HoO 

22-673 % UNO, 

67-327 „ n,so, 

io-ooo „ HoO 

• • • 

22.693 % UNO, 
67.327 ,, H,S(V, 
9.980 „ 11 J)* 

+ 002% % HNO., 

4- 0.000 „ ILS 0 4 
0020 ,, Il.jO 

iooo 

-% V~“ • “ ~ 

100 00 

w 

100-000 

0*000 

- * • 
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■ JThe limitations of the method will be obvious to chemists 
employee! in acid-control f iaboratQries. #t 

Graphical f Treatment . — The algebruic calculation outlined 
above, due to YV. Young, for correcting “bulked” acid to a 
mixed acid specification is treated graphically by R. A. Fowler. 1 

The composition of nitrating acid is fixed in the present 
case at HNO ;l 23 p^r cent., H 2 S 0 4 67 per cent., H 2 0 ig per 
cent., and may vary only within certain definite narrow limits. 



The composition of oleum (H 2 S 0 4 104 5 per cent.) and 
that of jiitTK^cid (HN 0 3 90 per cent.) are also fixed (with 
slight variations which do not greatly affect the calculation 
as explained in Young’s article). % § 

In Fig.« 1 13 percentages of %nitric ackl are plotted on 
ordinates and percentages of sulphuric acid on abscissae. If 
N Represents the composition of ^he nitric acid* available and 
S that of the *oIeikm, thfc line NS shows the acids which 
can be produced by mixing N acid with S acid. If NS be 
divided into 100 ecjual parts the percentage of each constituent 
w necessary for any de£nite composition represented by any 

1 /. Sac. Chern. Ind, (Trans.), 1921, 40, 166-67. 
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point on the line may be read off. For example, i£ thfc 
divisions be numbered •from to ipo^rom S to N, then ait any 
point in the line the percentage f of nitric acid* is indicated; 
suppose the # reading be 72, then the acid represented by that 
pqjnt may be made by mixing 72 per cent, of njtric acid with 
28 per cent, oleum. * • • 0 

The point representing the nitrating acid, M, does not lie 
on the NS line* but nearer* to the origin. Join NM and 



produce. Join SM and produce. Since the points N, M, and 
S are fixe^, the lengths of NM and SM are # constant and ma^ 
be readily calculat*e$l. If, nfiw, the part produced m each case 
be divided as^ from poinfc M into equal parts each equd to 
one-hundredth of the linest NM aqd SM respectively, each 
division represents one-hundredth flf a ifoit of nitric acid or 
oleum as the case may be (the divisions are omitted in Fig. # ii3 
for clearness). 

The graph is i^ed as follows : — # 

Case 1. — The point representing the composition of the 
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bulked acid falls on the origin side of both oleum and nitric 
lines<.(<?./., at A). A fu 16 is placed though # A and M, cutting 
the line NS fat P, and the distances, AM and MP and the 
reading at P are noted. Then tons of bulked acid pultiplie^ by 
AM/MP gives tons of adjusting acids required, of which P per 
cent, is nitric ackRand the rest (ioo^P per cent.) is oleum. 

Case 2 . — The point representing the composition of, the 
bulked acid falls oii* the other side of the oleum and nitric 
lines (eg, at B), This may be adjusted by the use of refuse 
alid with nitric acicj or oleum. When the points rep.esenting 
the bulked acid (B) and refuse acid (R) are joined, the line 
will cross either the nitric or oleum line, eg, at V. The 
distances BV and RV and the reading at V are noted. Then 
tons of bulked acid multiplied by BV/RV gives tons of refuse 
acid required. And (tons of bulked acid + tons of refuse acid) 
multiplied by reading at V gives tons nitric acid (or oleum) 
required. 

Case 3.— The point representing the composition of the 
bulked acid falls on the nitric or oleum line. Then tons of 
bulked acid multiplied by the reading at the point gives tons 
of nitric acid (or oleum) required. 

It is not necessary to draw the whole of the graph for 
practical working. That portion only round the point M need 
be drawn, say JINO a 18 to 36 per cent, and H 2 S 0 4 62 to 
74 per cent, (see Fig 114). The higher limits are determined 
by the necessity for including a good part of line NS. The 
graph is prep? red about 18 by 13 in., allowing 1 in. for 
1 per cent. Plot the point M (67, 23). Calculation shows 
then the l;ne NS passes through the points (627, 36) and 
( 73 ’ 1 5 > 27) atrxl it may then be drawn. Divide this line 
between tnese two points into ten equal parts (each 1379 in.) 
?/id continue the divisions the whole length of the line. The 
first of those two points represents an acid of composition 
40 per cent, nitric acid and 60 per cent, oleum, and the second 
30'per cent, nitric acid and 70 per cent, oleifm ; they may 
then be marked 40 and 39 respectively and the other divisions 
to correspond. ‘ , 

The oleum line may now be drawn from M in the right 
‘ direction by means ok the tan. of it 4 s angle with th e abscissa 
^ 23/37-5 and divided into divisions each equal to ^2 3* +37* 5* 
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(=0*44 >n. approx.). Similarly to the nitric line, the tai^ 
of its angle beiqg 6pj6y ar^d the fiiv^ions bqing *eq»al to 
t h> 4 > /6y 2 +6y 2 (=o*94j in. approx*). • 

# Two examples are worked out with the aid of the graph. 

# Example i. — Take ioo tons of bulked acid with composition 
22 per cent. IIN 0 3 and 66 per cent. II 2 SQ 4 . # Then from the 
graj^Ji AM/MP is 36/1 8(5 and the reading at P is 31*1. Then 
acid required fo? adjustment is 100x36-4-180, or 20 tons, of 
which 31*1 per cent, is HN(J 3 , ?>., 6*25 tons of nitric acid and 
13*78 tofls of oleum. The calculated composition of the blend 
resulting from this mixture is IiN 0 3 22-998 per cent, and 
H 2 S 0 4 67*002 per cent. • 

Example 2. — Take 100 tons bulked acid with composition 
23-6 per cent. llN 0 3 and 68 per cent. II 2 S 0 4 , and suppose 
the refuse acid available has composition 19 per cent. IINO ;i 
and 68 per cent. H 2 S 0 4 . Then from the gsaph BV/VR is 
40/76 and reading at V is 0 015. Tons of refuse acid required 
is 100x404-76, i.e.y 52 -6 tons. To this must be added 
152*6x0015, 2 29 tons of nitric acid. The calculated 

composition of the blend resulting from this mixture is HN0 3 
23*01 per cent., and II 2 SO* 66-99 P cr cent. 

Should the composition of the nitrating acid be changed— 
a rare occurrence — a fresh graph would have to be constructed 
(this objection would apply equally to the tables used in 
connection with the algebraic method). The one graph covers 
all changing conditions in composition of rcfusoacid and small 
changes in composition Jjf nitric acid and oleunf. 

STORING. — When a blend has passed specification it may 
conveniently be pumped or blown to steel* storr\/tanks. In 
calculating the storage requirements for mixing purposes it 
is advisable to make allowance for — 

(1) Occasional doping; (2) a tank occasionally being 01ft 
of commission foi» repairs. * 

■ • 

Plant Working. 

* • * 

The Avoidance of Troifble. • 

The following poiqts are the result of considerable experience 
in the handling of large quantities of mi*ed acids # 
1. Materials for Mixers and Coils. — For making strong* 
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toix^s (up to io per cent, dilution) steel tanks with steel 
cooling coils .are mo^J serviceable. 

For mixei from io per cent, to 20:per cent, dilution it is 
advisable to use lead-lined tanks fitted with *!ead cooing 
coils, since — „ <. 

(1) There is very little heating .effect, and consequently 
very little bulging of the lead. 

(2) Lead is the better material in the presence of the 

*• weak acid used. 1 

2. Leaking Coils. — A leaking coil is indicated by a rise 
in temperature. The water should be immediately shut off, 
and all running of acid stopped. If the mixer is fuming badly, 
probably due to the presence of weak acid, oleum or concen- 
trated sulphuric acid should be run in. It is advantageous 
to have an external method of cooling. A 1 -in. pipe perforated 
with holes running round the mixer about 2 in. from it, and 
held in position by brackets fitted to the lid, is suitable. The 
constant spray of water on the outside of the mixer cools down 
the acid in a reasonable time. The stirrer should be kept 
going until the acid is safe to pump. 

Note. — Water control valves should be external to the 
mixing house, so that they can be handled if fuming is 
prevalent. , 

3. Hot Lines. — IT a pump line becomes hot, it is probably 
an indication that nitric acid i<? leaking into the mixer and line 

< (this is indicated in this manner only when mixers are pumped 
empty). Sufficient sulphuric acid or oleum should be run into 
the mixei^To fill the lines and pumps; this will stop the 
corrosion. 

4. Seizing of Valves. — A mixing plant is usually fitted 
with a large number of acid valves. To aveid the use of 
undue force in turning valves, which causes'endless breakages, 
every valve should be regularly turned twice a day. The 
gland should pqt be tightened whon the valve wants repacking, 
for tightening often,. causes seizing. In packing valves it is 
found that two turns of thin cord (blue asbestos cord soaked 
in boiling mineral jelly) are better than one turn of thick cord. 

Care should be taken that the gland is never removed when 
1 there is a head of acid in the line to which it is connected , 
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Fig. 115. 

Aii Release Tiap. 


otherwise the pressure will force out the plug and may cautfe 
a serious accident. The line must first be carefully chained 
before removal of a g^and. 'I * , 

5. Cracked Castings. — Cast steel is much less liable to 

Cfack than cast iron. Undue strain should be avoided in 
linking up and fixing. • • , • 

6 . Air Locks. — Air Ibcks in lines delivering acids by gravity 
cause very slo\t running, *or may stof) 

the flow altogether. This lyay be avoided 
by haring vertical pipes let into th<^ 
lines at points where a slight rise or 
twist suggests, the possibility^ air being 
trapped. The 'height of the pipe must 
be above that of the maximum level of 
acid in the supplying vessel. If there is 
risk of bubbling and consequent splash- 
ing, it is necessary to have near the top of 
the air-release pipe a trap similar to that 
sketched in Fig. 1 15. 

7. Corrosion of Tops of Tanks. — Corrosion will occur 

(1) At any place where there is a possible escape of fume 
(at joints for entry pipes, etc.); the remedy for this is 
obvious — to keep all joints tight. 

(2) Round the dip hole, due to — 

(a) Escape of fume. » 

(b) Drops of acid dropping from they] ip rod. 

A small funnel-shaped casting 
covered with lead, or cast in 
regulus metal, yith a space 
to carry the dijj r # od, *s an 
efficient remedy. The lead 
or complete casting is easily 
replaced withourt damage to 
the tank, the casting being 
merely screwed to the Md of 

. ttfe tank. 

8. Acid in Mixers. — It is good practice to leave rfiixed acid, 

oleum, or sulphuric §tcid in a steel mixer uhless all entry lines 
are broken. Otherwise, if nitric acid»leaks in it will cause 
bad corrosion. . • 
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9. Lubricants. — Vegetable and animal oils, and greases 

madeS.from them, are nitrated by mixed acid with more or 
less rapid evolution if gaies. It is positively dangerous to 
use any such lubricants for use with mixed acids. Mineral oils 
and greases should be used. r 

10. Protection fit Coils at Air Acid Level. — When steel 
cooling coils protrude through the lid of the mixing tank 
there is excessive corrosion of inlet and exit pipes owing to 
tke action of nitric acid^ fumes, ^f sleeves of mild steel are 
welded round the ftipes at these places, the life of ?. coil is 
considerably lengthened. A sleeve welded over a hole oh 
a coil serves to make it once more effective. 



FlG. i i 7.— Top Portion of a Cooling Coil showing Wckled-on Sleeves. 

11. Inlet Pipes.— It is important to arrange inlet pipes 
to mixing tanks so that entering acids do not fall direct on 
to cooling coiL. The)' should be continued to within a short 
distance of the bottom of the mixing tank to prevent splashing. 

12. Buildings.— Buildings t,sed fo^ housing mixing plant 
should be built of wood well treated with creosote. A 
ruberoid type of roofing material is suitable for covering the 
roof Boards (see Chapter II., p. 93). Galvanised iron should 
be avoided. 

13. Drains — As far as possible drains should be open 
channels, so^ that tYiey can be easily accessible. ' 

14. Floors. — Flooring is best 1 carried out in acid-proof 
bricks or slabs, truly laid on concrete by the use of Trinidad 
asphalt, the joints being well rubbed with hot irons. 

c .. * 

Conditions for Efficiency. 

A mixing plant cap work to nearly 100 per cent, efficiency 
•If sufficient attention be paid to small details. 
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Drips.— A loss frequently overlooked because of its apparent 

smallness is due tQ drip%: * . • 

• I 0 .. 

i drop of mixed acid pdr second = (say) 0.03 cub. in. per second. 

• • 0.42 oz. ,, 

• -- 1 ton per day. 

• 1 • 

Any drip, however slight, should receive immediate attention. 
Apart from the 'loss of acid, drips inevitably cause serious 
destruction of plant and structure. ^ Drips piay be looked 
for at tlie following points: — # # * 

\ * Pipe Lines.— (a) In steel lines at flanges and screwed 

joints. A leak, is generally pteccded by signs of sulphating. 
When there is any sign of corrosion the line should be drained 
and repaired. * • 

(b) Lead lines often become thin and weak and should be 

watched. . 

(c) Earthenware lines need watching at all joints. A leak 
is generally preceded by “sweating.” The line should be 
drained and the joint remade. 

Earthenware Cocks. — Many earthenware cocks drip 
slightly, due to the plug hot being ground perfectly to fit the 
cock. In such cases plugs should be ground in until drip-proof. 
It is well worth the expense to fit earthenware trays under 
the cocks to catch drips, though of course it is better to 
prevent them. These trays should lead by a i-in. earthenware 
line to a carboy. Earthenwarg carboys are ^nuch safer to 
handle and are more du^blc than those mad* of glass. The 
cocks need attention. The plugs should be taken out, cleaned, 
and greased at least once weekly. # $ 

Metal Cocks.— A leak at the gland is air indigatjon that 
it needs repacking. A cfack in the case (or generally in any 
casting) is shpwn by sweating, which usually occurs before 
a drip shows itself.* This should be looked for, and the faulty 
pi$ce replaced. 

DISPOSAL.— All acid r^eased by breaking of line^'or 
opening up of pumps should *be caught^ *in suitable vessels 
and saved. • 

Mixed acid drips may be tipped into Iron vessels (blow 
casks situated low arc .very convenient), but nitric acid • 
drips must be tipped into an .earthenware receiver or • 
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\iixer. The tipping of carboys needs nothing but care to 
avoicl accidents. ^ , * 

Leakagey-It is essential to 'test $11 valves regularly and 
systematically, otherwise acid may leak into or oyt of a mixer 
or other vessel. The outlet valves of the mixers may be tested 
by running th£ pump with all the outlet valves of the mixers 
closed off. If there is no diminution in level in the ipixers 
the valves arc tight. The inlet' valves to the blenders may 
*>e tested by noting whether or,not there is increase in dip 
in the bfenders to which acid is not being pumped. 1 

Fume. — A further possible source of loss in mixing is 
through fume. The following" example will show what may 
be lost in this manner. ( f 

In a nitro-cotton mixing plant the four blenders, four 
R.V.A, tanks, and four spent tanks were connected with a 
fume line. « 

A portion of the fume was aspirated through a known solution 
of caustic soda, each test being run for twenty-four hours to 
ensure an average sample being obtained, and the alkalinity 
of the solution was then tested by titration. The speed of 
the fume was measured by Pitot tubes. 


The following figures were obtained : — 


t 

Test 

(ifU Annulled 

UNO,; Content 

UNO. Content 
per cubic foot 

'a 

- u 

0.75 ||iam 
l*6o „ 

0-50 „ 


I • 

3 

X . * 

i*7 cub. ft. 

2-5 

1-25 „ 

0-44 gram 

0.64 ,, 

o -47 „ 


t, t Average 11NU ; , content = 0-54 giam per cubic foot. 


The variation 'in HN0 3 content is due to : — # 

(a) Variation in plant working. • 
ci (b) Variation in atmospheric temperaturei — tests (i) and 
( 3 )*' were done'in frost£ weather, when there would 
« be considerable condensation of fume in the pipes, 
acid so -condensed running back to the tanks by 
gravity. , 
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ing fume through a U-tube surrounded by ice. The^followin^ 
analyses were obtained*:— % * • 


Teat. 

• 

I 

i 

S * 

8 . 

Per cent. IINO, . 

„ HoSOj . 

* • 

. 78, j 

78-«j6 

LI * 



The acid so produced is thus practically all nitric acid and 
is very ^orrosive. # • * # m ~ 

• The average velocity of gases throiTgh the pipe (6 in. 
internal diameter) was 23 ft. pjr second. 

Tonnage of 4 acid passing per day = 0.203 ton 
* * - 1.2 ton per weak (6 days). 


An absorption towei was erected (see p. 99) and the acid 
saved was found to vary between 09 and 1%}. ton of HN 0 3 
per week. The total cost of the tower was saved in the 
first week of running. 

During the recent war years there was a decided change 
of attitude in chemical works in regard to acid fume. Prior 
to 19 T 4 the question of elimination of fume to atmosphere was 
considered from an external standpoint. Very often the 
consideration was as to how much fume could be liberated 
to atmosphere without incurring penalties under # the Alkali, etc., 
Works Regulation A^t, without taking Account of the actual 
loss of acid material, (he destructive effect #of the fume on 
plant and buildings, ami the injurious effeCt on the health 
of workers. Faced primarily by the stern necessity of 
economising raw materials during the war, acid manufacturers 
came to be very zealous in controlling the*emis&io«i of acid 
fume. • 

In aqd-ntixing practice, where it is possible to connect 
fume lines to vessels holdiitg nitric acid, either f?ee or mixed 
with sulphuric acid, this should be done. 

Sludge in Mixed Acid* — Samples of mi^erf acid show a 
milky appearance due to sludge and suspended matter, mainly 
ferric sulphate. Tests have sho^vn that the heavier portion 
settles to the bottom in twenty-four hours, but after that the 
rate of settling is very stew. A 1 -in. glass tube, 9 ft. high, was 
filled with mixed acid and allowed to stand. At the end of 
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^ mcjnth t only the top 3 in. were perfectly clear, the remainder 
being* quite milky it} appearat>ce. The exact influence of 
lighter suspended matter oA nitrations* has not been investi- 
gated, as no ill effects have been noted. * # 

When a tank is put out of commission all sludge that will 
run out is savefl in drums and flsed’in the nitric acid retorts, 
where the HN0 3 distils off and the II 2 S0 4 present is*nsed 
in the reaction with the nitrate of soda. The average total 
iTtidity of sevcra*l samples of sludge was approximately 60 per 
cent, (expressed as W 2 S0 4 ). r 

It will be found that a considerable portion of the sludge 
in tanks can only be removed by the full forqe* of water from 
a fire-hose. This represents inevitable loss due to formation 
of ferric sulphate by continuous reaction between the mixed 
acids and steel vessels. 

« 

Calibration of Vessels. 

If all vessels which are used in the handling of raw and 
finished acids are correctly calibrated, the acid-mixing process 
is rendered much simpler and more certain. The time which 
has to be devoted to calibration purposes has only to be 
spent once, and the comfort and security resulting from 
knowing tonnages accurately are of great benefit. 

Naturally, ;f it is possible to weigh the acids direct, the 
whole question of tank calibration is avoided. 

The volume* of tanks are ^usually ^found by mathematical 
calculation or by* running known weights of water into or from 
the tanks. The mathematical method is not always applicable, 
and ^he second method is slow and laborious. 

Another method which can be used is to fill a tank with 
water, stir in a known weight of a soluble salt and then analyse 
a Sample of the solution. - • 

A methdd recently developed depend,?’ on the principle 
that water, flowing through a tube - or orifice under a con- 
stant head, givej a constant rate t of flow. J. W. M^avid 1 
describes the use of, a handy 'calibrating apparatus devised 
on this principle. 

to instance in some measure the degree of accuracy which 
can be worked to in handling large quantities of acids through 
1 /. Sac, Chem. lnit ( Trans.\ 1922 , 41 , 295 - 96 . 
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many differently shaded and sized vessels, the exgeriejice of 
working on the Acids ‘Section at hf.M^ Factory, Gretna* where 
careful attention was paid to calibration, may bd quoted. 

• In onevcase hundreds of tons of oleum were exported. 
This acid was stored in large 30 ft. by 9 ft. cylindrical boiler 
tanks. For plant stock pifrposes the tcftal* tonnage in the 
storage system was carefully kept. The # oleum was transported 
from the factory in railway tank wagons which were weighed 
on two weigh-bridges, on *)ne empty and on the other filldd. 
Over a considerable period i{ was found that the tonnage of 
exported acid as registered by reduction of plant stocks was 
always more than that registered over the weigh-bridge. The 
latter tonnage .was the one credited to the plant, and this 
necessitated reduction of registered stocks with consequent 
reaction on plant efficiency. After all other possible sources 
of discrepancy had been considered, the outgoing weigh-bridge 
was found to be inaccurate, registering approximately 1 per 
cent, short weight. 

The second case concerned the acid-mixing department. 
Great trouble was experienced over a considerable period of 
time in balancing stocks of acid handled by the mixing 
department. Balance sheets invariably indicated a gain of 
H 2 S 0 4 , and an approximately corresponding loss of HNO s 
after mixing the raw acids. Close investigation on the plant 
showed slight errors % in calibration, aifd indicated the need 
for determining the gravity acids at the# time of dipping 
when calculating tonnages from dip measurements. The« 
righting of these points resulted in a reduction of the dis- 
crepancies from about 15 per cent, to rather less thaji half# 
that figure, reckoned on the H 2 S 0 4 tonnage! Further investi- 
gation on the plant proved fruitless, but the method of analysis 
was investigated. By ‘making experinlfcntal mixes in the 
laboratory, using* ^11 precautions, it was found that the then 
accepted analytical method, using the nitrometer for determina- 
tion of total nitrogen acids, did nqt give a balance of ff 2 S 0 4 
and HN 0 3 between the raw* and tnixqtf acids. Fjom results 
of careful experimentation with ]<no\tfn acids in the laboratory, , 
it was decided to* adjust the analytical method for mixed 
acids to the extent of ’adding a 1 pir cent, correction to all 
.nitrometer readings. With the introduction of this correction, 

^ _ m 9 
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tne rgixiqg plant could render proper account of the raw 
materials used in the pnixed acid$ produced.* 

Theoretical Calibration 'of a Cylindrical Storage Tank 
lying Horizontally. * « 


c« . 



\r 

/ 


v: 

£■ y E 


C' 

Fir.. 1 1 8. 



Fig. i 19. 


Let OE - s = E C' radius 

OE' - -s =* EX' - „ 

i.e. s -- Dip - radius. 


The volumes of liquid at depths F/C' and ICC are dependent on 
the areas A' E' IV C' A' and A 1C B B' C' A' A respectively. 

Area A IC B B C C A' ~ Area of circle - Area of sector A C B 0 A + 
Area of triangle ADO 
* * a ( 

** 7 rr- - (nr 1 x ) %Y sr sin a 

7 T 

^ % 7 rr- - ar 2 -f sr sin a 

. . * CO^u — — .*. a — COS' 1 -- 


Area 
. r >l 


7 T - cos 

</> say. 

</> 


1 5 + sin cos “ 


Volume 

** 

ajid Volume A/>r 2 . 

may now be care, fully plotted on a large scale graph for values 
of - and the resulting graph can be used foj; making a table of volumes 
for the tank, at depths of successive eighths or tenths of an inch. 
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References — For calibration of cylindrical tanjcs ^ying 
horizontally, see S. •YlT* Maher, J. fnd. Eng. Chcm. } igt6 , 8, 
636-7. « 1 • • 

for calibration of cylindrical tanks not lying quite horizontal, 
seft H. W. Wrigley,/. Ind. Eng. Chan ., 1916, 8, 522.3. 

For calibration of horizontal cylindrical tink*s with spherical 
ends,*«ee L. E. Carpenter,/, fnd. Eng. C/ym. f 1914,6, 517, and 
K. B. Howell,/, fnd. Eng. Chem ., 1916, 8, 430-3. 

• 

• • • 

• Properties op Mixed Acids. 


. # Specific ^Gravities. 

The general trend of the specific gravity when^nitric acid 
is mixed with sulphuric acid is shown in the following table, 
due to Marshall (Explosives) : — 

Specific Gravities of Mixed Acids {Marshall). 


1IM)j 

Sp (!r IS’/IS 111 Air. 

| IIM), 

Sp (Jr IS'/IK" III Air. 

lVr (rut. 


I'd (cut, 


o-oa 

i «437 • 

22-51 

I- 82 I 5 

0-^2 

1S456 

25-56 

|.«II 2 

i '°5 

1-8476 

27*29 

> 8053 

4-67 

1-8586 

32*53 

*7863 

7-17 

1*8618 

37-03 

1-7700 

7*37 

1-8620 

39*40 ! 

•7601 

775 

; 1*8619 

; 57*78 : 

• 1-6879 

f/IO 

i*86dt 

!. 72-89 ! 

1-6227 

n -33 

1*855? 

9076 

/'• 54 °S 

1271 

I.8520# 

| 98-19 

1-5080 

16.32 

1-8414 

| 100 00 

1-3009 


Boiling-Points. 


Boiling-points of mixed acids are givcm in Chapter Vi., 


P-033- 


• • 

• Analysis. 

* t • • 

The nitrometer method for thfc determination. of total 
nitrogen acids, as herein describpd, te a rapid and accurate 
method for the analysis of a mixed acid, but it should be 
borne in mind that bc/th speed and* accuracy depend on 
attention to detail. • 
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Preparation of Samples. 

, » * 

Tne sample as received is thoroughly rfiixed by shaking, 

and a portion transferred to a small gfass-stoppered specimen 
jar for purposes of analysis. * « 

* * Specific Gravity. 

A further porticn of the thoroughly jnixed sample is 
jDOured into a hydrometer cylinder and the specific gravity 
ohserved.by means of a*carefully talibrated hydrometer. The 
hydrometer correction is applied and the specific gravity finally 
corrected to 15-5° C. t 

t Total Acidity. . * 

The total acidity is estimated by titration with normal 
sodium hydroxide solution and expressed as sulphuric 
acid (H s S 0 4 ). * 



Fig. 120. — Oleum Bulb. 


A quantity of acid sufficient to require from 30 to 40 c.c. 
of normal sodv for its neutrtdisatioil is weighed in a small 

• glass bulb (made from narrow bore glass tubing), which is then 
dropped into a clear glass wide mouth bottle of 16 oz. capacity 

* containing 150 c.c. of distilled water, and broken by means 
of a glasa rod, care being taken to break up the capillaries 
of the bulb so that all the acid goes rapidly into solution. 

% Normal sodiurrf hydroxide is rim in from U bqrette at a 
rate not greater than 30 c.c. per ‘minute, but as the indicator 
usqd (methyl orange) is readily destioyed by nitrous acid, this 
is not added until titration is almost complete. During titra- 
tion the .burette jef .is rented on the inside of the bottle and 

♦ the* alkali allowed^ to rhn d,own the sides ; after the addition 
c of the indicator the sides of the bottle are washed down with 

a fine jet of water from a wash bottle And the titration completed 
* as rapidly as possible, adding the soda a drop at a time. 
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It is important that only sufficient indicator bemadded & 
give a decided oolour/as ajg excess* destroys the delicacy of 
the end point. It is* good practice *fo add tfro drops of a 
solution containing 0-05 gram of methyl orange per 100 c.c. 
The end point is readily detected by comparing the tint of 
the solution with that of a standard macte by passing C 0 2 
into^oo c.c. of distilled water containing two drops of 0*05 
per cent, methyl orange solution. The end point being 
reached, the burette is allowed to drain for two minutes and 
an observation of the reading taken. • 

A burette correction obtained by reference to the calibration 
certificate for *the burette in* use is applied to the reading, 
and #also a temperature correction to allow for the error, 
due to variation of the normal soda in the burette from 
standard value. 

If standard solutions are prepared at 20° C.^ind the burettes 
are calibrated to deliver Mohr cubic centimetres at the same 
temperature, for each 50 c.c. titration 0-015 c.c. are subtracted 
from the burette reading for each degree Centigrade above 
20° C., or in general work for normal titrations of from 30 
to 40 c.c., 0-05 c.c. arc subtracted from the reading for every 
5° C. below the standardisation temperature (20° C). 

Total Nitrogen Acids. # 

The total nitrogcp acids are estimated by means of the 
nitrometer. A quantify of aetd, varying with the nature of 
the mixed acid being analysed, is weighed by difference into 
the cup of the calibrated nitrometer to which 2 c.c. of H 2 S 0 4 
has previously been added. A Dunge-Rcy gipettc is used for * 
this purpose, and it is given a preliminary washifig*out with 
the acid before proceeding with the weighing. 

The sample is then run into the nitrometer and the cup 
tffortmghly washed by five* successive washings of 2 c.c. of 
sulphuric acid, each followed by a sixth washing of 5 c.c. # Jhe 
acid used for this purpose* is pure concentrated nitrogen-free 
sulphuric acid which has been diluted <b a strength of 94-5 
per cent. acid. In washing out the cup special care is taken 
to prevent any loss'of nitric oxide and to completely wa^Jj 
down the sides of the cup and drain the entire washings into^ 
the nitrometer. # 
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N The decomposition is effected, by shaking the nitrometer 
while<held in an almost horizontal position, care being taken 
that the evolved gas \g ke'pt under flight suction and that 
no gas or acid reaches the rubber tubing of tha nitrometer. 
The tube is shaken for one or two minutes until no move 
gas is evolved/ The two tubes are then placed so that the 
mercury in the decomposition tube is as much higherjthan 
that in the pressure tube as is necessary to compensate for 
rfie layer of acid in the* latter; I ,rnm. of mercury is allowed 
for every 7 mm. of acid. * 

After allowing to stand for five minutes, a final shake of 
half a minute is given. 

The tube is now set up and adjusted so that thq gas 
is under very slight suction, and allowed to stand for thirty 
minutes in order that the temperature may become equalised. 
The pressure is then exactly adjusted by pouring (if necessary) 
a drop of acid into the cup and cautiously opening the tap. 
By noting whether the gas is under pressure or suction, and 
by altering the level of the pressure tube accordingly, the 
pressure of the gas can be exactly equalised with atmospheric 
pressure, so that when the nitrometer tap is opened the drop 
of acid in the bore of the tap remains quite stationary. After 
decomposition of the nitric acid has been effected, care should 
be taken to jfeep the hands and body as clear as possible 
from the gas in the decomposition tube to prevent errors 
due to expansion. » ( 

The volume *of the gas, the barometric pressure, and the 
temperature are then observed ; the latter by means of a 
standardised therVnometer suspended in close proximity to 
the decam position bulb of the nitrometer. The barometric 
reading should be corrected for the index error of the instru- 
ment, temperature* of mercury and- scale, latitude^ altitude, 
capillarity ahd vapour pressure o! mercury’ and it is wetf*\o 
have these corrections embodied in a table for commonly met 
barometric readings. f *■ 

Correctiomfor temper at the of mercury and scale at 20° C. is - 2.5 mm. 

Correction for latitude at Edinburgh (56° N.) is + 0.7 mm. 

It will be observed •that the contents of the decomposition 
•tube after the completion of a determination occasionally form 
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a tenacious emulsion which adheres to the sides of the butf 5 
and tube, and re^djqg*)f thecas volifme becomes difficult 
Care in the use <jf -sul*phuri€ acyl for decomposition is 
necessary tc^ avoid this difficulty. If less than the recommended 
quantity be used, the bulb and tube becoine coated with 
mercurous sulphate, and aw emulsion of. ntercury, mercury 
salt,^and acid is also fdrmed. 

The difficulty may be partly overcome by washing down 
the bulb and tube with fresh acid # after decomposition has 
been effected. However, this practice is fco be avoided because 
the acid added will absorb an uncertain amount of nitric oxide. 
Care and practice tend to Overcome such difficulties. 

'J'he observed volume of the gas is reduced to N.T.P. and 
the result calculated as percentage of nitric aCid (HNO s ). 
One c.c. of NO gas at N.T.P. corresponds to 2-8144 m g* 
HNO ;1 , so that the total nitrogen acids expressed as nitric 
acid is given by the formula 

v x 0.0028144 X 100 
w 

where v represents the* observed volume of the gas and w 
the weight of mixed acid taken. 

A “ solubility ” correction is applied to allow for the solubility 
of nitric oxide gas in sulphuric acid. This correction, which 
is an empirical one, amounts to 1 per eent. of the percentage 
of total nitrogen acidsVxpress«d as nitric acid^ 

If, for example, aftw all the other corrections have been 
applied, the nitrometer indicates the presence in a mixed acid 
of 23-00 per cent, of total nitrogen acids, the Solubilfty correction, 
will amount to 1 per cent.*of this value, tli&t is, £>-23, and the 
figure returned will be 23-2 per cent, of total nitrogen acids. 

The “ Solubility Correction.”— Statistics of acid movement 
^t**9ugh the Mi£yig Department at H.M. Factory, Gretna, 
having shown that in the preparation of mixed acid on the 
large scale there was am apparent loss of .nitric acid and 
a gain of sulphuric acid, investigation *was set afoot to see 
if such a state of affairs could # be attributed to the methods 
of analysis. Mr J. 6. Hill of the Chemical Department carried 
out the investigation, which is recorded 3 n Experimental Report, 
No. 114, Dornock, H.M. Factory, Gretna. * 
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^ Carefully analysed nitric and sulphuric acids were mixed 
in thfe laboratory with ill due care.** T^he, mixed acids so 
prepared were analyse*! by the nitrometer with results which 
did not agree with the computed results. In e^ch case the 
total nitrogen acids content of the mixture was in the region 
of i per cent, lower. than the content charged. 

♦ , , * 

Nitrous Acid. 

'The nitrous acid jfontent is determined by titration against 
potassium permanganate solutfon. Ten c.c. of semi-normal 
potassium permanganate are pipetted into a 500 c.c. Erlen- 
meyer flask containing 200 c.c. of distilled water. The solution 
is heated to 20-40° C, and the acid to be analysed is then run 
in slowly from a burette until the colour almost vanishes. 
The end point t aimed at is a faint pink tint which should 
remain unchanged for about two minutes. 

The amount of nitrous acid present is then calculated from 
the number of cubic centimetres of acid used in the titration. 

Nitric Acid. 

The percentage of nitric acid is obtained by subtracting 
the nitrous acid (expressed as UNO,) from the total nitrogen 
acids (also expressed as IINO,). To this end the percentage 
of nitrous acid is multiplied by 1-34, /which represents the 
ratio between equivalent weights of nit/ic and nitrous acid, 

< 

UNO, 63.018 

. , * ' HNOj 47.018 ~ 1,34 

«. ' 

and the value obtained subtracted from the percentage of 
total nitrogen acid$ calculated as nitric acid iq ( the manner 
already indicated. , ^ % 

Sulphuric Acid. 

The percentage of^sulphuric acid present in the sample is 
obtained by subtracting the value for the total nitrogen acids 
expressed as sulphuric acid from the total acidity expressed 
ifi similar terms. For 4 this purpose *the percentage of total 
fcitrogen acids expressed ar nitric acid (HNOj) is multiplied 
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• 7 • ( 9 

by the fraction - which represents the ratio between equivalent 
amounts of sulphuric and nitrtc acids, ^ « 

{ H,S0 4 _ 49.038 __ 7 
HN 0 3 63.018 9 

and the value obtained subtracted from'tlfe total acidity 
calculated as sulphuric acid in. the manner^lready indicated. 

* Water. * 

► The percentage of water present in the sample is obtained 
by difference, {>., by subtracting the sum of the sulphuric 

acid, nitric acid, and nitrous acid percentages from 100. 

• • 


REFERENCES. 


Specific Gravities. 

Pascal and Garnilr .- Bull. Soc. chim ., 1919; [IV], 26, 142-5 ; J. Chem. 

Soc. Abstr ;, 1919 ; [II], 118, 229. 

Elwyn Roberts.—/. Soc. Chem. Ind. {Frans.), 1921, 40, 165-6. 
Marshall,— “Explosives.” • 


Properties. 

Safoschnikoff.— J. Russ. Rhys. Chem. Soc , 1903, 36, 1098-1112 ; J. Chem. 
Soc. Abstr., 1904 ; [II], 86, 251 ; /. Russ. Rhys. Chem. Soc., 1904, 80 , 
518-32 ; J. Chem. Soc. Abstr., 1904 ; [II], 80 , 5^8 ; J. ixuss. Rhys. Chem. 
Soc., 1904, 86, 669-71 ; IChem. Soc. Abstr., 1904 ; [II], 86, 614. 
Schaeffer and Niggemann.— Z. aftorg. Chem., 1916, ce, 77-85 ; J. Chem. 

Soc. Abstr., 1917 ; [II], 1W, 186. 

Kaltenbacii.— Chimie et Industrie, 1918, 1, 81-4. 

Distillation. ^ * 

Pascal.— Comptcs rend., 1917, 166 , 589-91 ; J. Soc. Chem. Ind * 1917, 80 , 
1232. 

Baumann.-;- Zeit., 1920, 44, 805. 

PHULK,. — Chem. and dl^t. Eng., I $2 1, 26 , 1103-6. 

Pascal and Garnier.— Bull % Soc. chim., 1919, 26 , 142 ; 1920, 27 , 8. 
GALLE.— Z. ang&w. Chem., 1921, £ 4 , 168-70; 173-5 5 Chem. and Met. Ehg ,, 
1921, 26, 741-6. . J* i 

Berl and Samtleben.— Z. angew. Chem., 1922F S6, 201-2 ; 206-11. 

. Boiling-Points. 

P ASC A L. — Bull. Soc . chim., 19x1; [IV], 27 , 814*20 ; J. Chem. Soc. Abstr./ 
1920; [III 117 , 752. 



320 


MIXED ACIDS 


• Analysis. 

PlTNfr/VN.— /. Soc. Ghent, hid:} 1 900, 19 , 982-4. * < 

W. II. Patterson.—/, .ix. Client. Inti. {Review), 1922, 41 , 496-8. 

Action on Iron. 

Gumming. — J. $oc. Chan. lnd. {Trans.), 1919, 38 , 31-2. * 

<t 1 j 

Freezing-Point. 

Holmes.— J. hid. Eng. « 'l hem., 1920, 12, 781-3. * 

Specific Heats. 

PXscai. Aft i> Garnier — Bull. Soc. chini., 1920; [IVJ, 27 , 8-1*0; /. Cltcm. 
Soc. Absir., 1920; [II], 118 , 162/ 

Absorption Spectra. 

SCHAKKKKR AND N IGGEMANN.— ailOtg. Client., 1 9 1 98 , 77-85 ; J CllClll . 

Soc. Absir., 1917 ; [I I J, 112, 186. 

Calculations. 

Cu m ENT." Le taouti Itouc et La Gutta-Percha, 1907, 3 , 3019. 

Fowler.- J. Soc. Client. Ind. {Trans.), 1919, 38 , 34-6 ; ibid., 1921, 40 , 166-7. 
Young. J. So L . Chem. Ind. {Trans.), 1920, 89 , 315-16. 

Acid Mixing. 

Acid Mixing. — “Technical Records* of Explosives Supply, 1915-18. 
No. 1. 1 I.M. Stationery Office.” 

Calibration. 

S. W. Maher.—/, hid. Eng. Chem., 1916, 8, 636-7. 

H. W. Wrigi.eV.— J. Ind. Eng. Client., 1916, 8, 522-3. 

L. E. Carpenter.—/, ind. Eng. Chem., 1914, 0, 517. 

K. B. Howell.-^/. Ind. Eng. Chem., 1916, s', 430-3. 

J. W. M‘David.— /. Soc. Chem. Ind. {Tram), 1922, 41 , 295. 

Heat Developed. 

J. W. M‘David.— /. Soc. Chem. Ind. {Trans.), 1922, 41 , 246. 
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• • 

PII/SfCAL AND CHEMICAL PROPERTIED OF NITRIC AC III 

i • • 

. Historical. 

NlTWC acid ha€ been known from very early times. In 

778 A.D. Geber described its preparation by strongly heating 
a mixture of saltpetre, alum, and sulphate of copper. Glauber, 
in the seventeenth century, prepared it by distilling nitre with 
oil of vitriol. 

Nitric acid was commonly used by alchemists, especially 
as a means of separating gold and silver. It went under 

various names, such as giqua fortis, spiritus nitri acidus, and 
spiritus nitri fumans Glaubcri. 

Lavoisier (1776) showed that nitric acid contained oxygen, 1 
whilst a few years later Cavendish showed it to contain nitrogen 
on preparing it by passing electric sparks through mixtures of 

nitrogen and oxygen. 2 # 

^ • 

Occurrence. 

Nitric acid occurs naturally, in traces only, ii> the atmo- 
sphere and in rain-water. 8 The presence of*nitric acjd in the 
air is no doubt duc.to atpiospheric electrical discharges. Rain- 
water carrying traces of nitric acid leac^ to the formation 
jilts o*n passing on to the ground. Nitrates (as these salts 
aje called) are thus founjl widely distributed but usually only 
in minute quantities. # * • 9 

Nitric acid results from the natural .oxicla'tion of animal 

nitrogenous organic matters, and the acid in presenefe of water 

• • • 

1 Lavoisier, XEuvres , ii., 226. 

2 Phil. Trans., 1784, p. 119, and 17*15, p. 372. 

3 Warrington,/. Client. Soc. T^ans., 1889, 66, 537. 


X 
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‘combines with earth bases to form nitrates. The presence of 
nitrates c in natural waters is largely - due to this series of 
reactions. , * r r ' 

Nature provides a few instances of large scale nitric acid 
and subsequent nitrates production, the most noted b£pig 
the deposits of, n\trate of soda ^in Chili and those of nitrate 
of potash in India. 

Formation. 

> * t 

* I. By 'burning hydrogen in the air, or in oxygen in the 
presence of nitrogen. 

2. By burning air in coal-ga^ and coal-gas in air. 

L. T. Wright points out that nitric acid formation in the 
latter instance may not be due to oxidation of nitrogen but to 
oxidation of ammonia present as an impurity in the air. 1 

3. By passing electric sparks for some time through a 
mixture of moist nitrogen and oxygen. 

4: Nitrogen and oxygen combine in the presence of water 
or dilute alkalis, at the ordinary temperature, under the 
influence of a silent electric discharge, to give nitric acid. 

2N, + 50, + 2 H.,0 + Aq 4HNO3 dil. 

5. By oxidation of ammonia. 

6. By the interaction of nitrogen peroxide with sulphuric 
acid. 2 

7. By oxidation of ammonia, resulting from the decomposi- 
tion of animal nitrogenous organic matter, through the medium 
of nitrifying bacteria. 

8. During the" slow oxidation of ether and phosphorus 
in the air in presence of water. 3 


Preparation. 

•L A mixture of dry potassium nitrate with an equal weight 
of concentrated sulphuric acid ?s distilled from a glass retort 
at as low^a temperature as possible. The volatile nitric acid 

1 J. them . Soc. Trans., 1879, 85, 42*46. 

- Lunge, Ber., 12, 1058. 

3 Bcrthelot, Comptes rend., 108, 543. 
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which distils over is condensed in a well-cooled receiver, and 
potassium hydrogen # siflphate # is left i ft the retort. * f 

KNO a + JrUSO* - k*HSOf + HNO a ! 

/The distillate has a yellow colour due to the presence of 
nitrogen peroxide in solution. It also contorts water which 
may be due to the fact* that nitric acid decomposes partially 
on heating, % • • 

4 IINO 3 - 4 NO, + 2 1 1,0 + 0., 

# • 

or to thvs fact and to the presence of water in tlfe reacfing 
materials in* the retort. 



Pure Aeid. 

To purify the acid thus obtained it is redistilled with the 
addition of its own volume of concentrated sulphuric acid £t 
^ low temperature This second distillate is then freed from 
dissofved nitrogen* peroxide by gently warming and then 
passing a current of dry air through it until it is cold.* • By 
such a method of preparation, Ro§coe o„btafri6d acid of 99-5 
to 99-8 per cent HN 0 3 content. 1 # * 

Veley and Manley obtained a* still purer acid by distilling 
ordinary concentrated a<;id under dint'nished pressure wlfii 

1 /. Chevi. Soc. Trans.f 1861, 18 , 146. 
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small amounts of barium and silver nitrates to remove traces 
of sulphuric and hydrochloric a9i*ds. *TI\e pistillate was then 
treated with ? stream ‘of ozonised oxygen to remove nitrous 
acid and again distilled under diminished pressiv*e. Finally, 
the distillate was redistilled in a sealed and evacuated 
apparatus. 1 • « * 

Absolute nitric acid exists only in' the form of snow-white 
crystals below -4i°*C. On melling, it decomposes partially 
into N 2 O f} and water which dissolve in the acid to a yellow 
solution. ‘On passing a current of dry air through the solution 
the N, 2 O f> is removed, until a colourless acid containing 98-67 
per cent. IINO a is left, which volatilises unaltered. 2 

C 

Physical Properties of Nitric Acid. 


Appearance. 

Absolute nitric acid, HN 0 3 , is described above. 

Aston and Ramsay describe nitric acid of 99 8 per cent. 
HN 0 3 as having a very pale yellow colour and fuming strongly 
on exposure to the aird 

Commercial pure nitric acids contain varying proportions 
of water and vary in colour from very pale straw colour to 
orange, owing to the presence of lower oxides of nitrogen in 
solution. 

* Smell. 


Nitric acid ^\as a peculiar, »pungenC, but not very powerful 
, smell. * ’ ♦ 


Specific Gravity. 


The work of Veley and "Manley 4 on the specific gravities 
of nitric* aaid and its aqueous solutions in general confirmed 
the previous determinations of Lunge and key. 5 

The accompanying table is from the work bf lunge and 
Rey. The specific gravities are for chemically pure nitric^'acST; 
commercial acid containing nitrous acid, etc,, contains less real 
HN 0 3 at the same specific gravity! 

<l Phil. Trans., 1808, 191 A, 365. 

- 2 Kuster and Munch, Z. anorg. Chem ., 1905, 48 , 350-55. 

t 3 /. Chem. Soc.fl'rans., 1894, 66, 169. 

4 /. Soc. Chem. Ind 1903, 22, 1227. 

6 Z. angew. Chem., 1891, p. 165. 



SPECIFIC GRAVITIES 


335 


Specific 

Gravities 

at 

4 

Dogreea 

Twad. 

0 

1,00 p&rt^by weight eo^aiii 

► - A .. 

1 litre coufttina Hg. 

• N!Av 

•llNO^ 

n,c/£. 

HNOj. 

0 

• I -000 

0 

0*08 

0*10 

0*0^1 
, cj^ooS 
o-o 1 6 

0*001 

i *oo5 
1*010 

I 

< 3*85 

1*62 * 

1*00 

I*«JO 

0*010 

0*019 

rois 

3 

*2*39 

2*80 

0*024 

0*028 

1*020 

4 . 

3*17 • 

3.70 • 

0*033 

0*038 

1025 

5 

3-94 

4*60 

0*040 

0*047 

1*030 

6 

4.71 

5 * 5 fl 

9*049 

0*057 

x,0 35 o 

7 

5 * 47 * 

6*3" 

0*057 , 

o*o6£ 

1*040 

8 

6*22 

7*26 

( 0*064 

0*075 

1.045 

9 . 

6*97 

8*13 

0*073 

OO 

9 

0 

1*050 

10 

7*71 . 

8*99 

0*08 1 

0*094 

1-055 

•v 

8*43 

9*84 

0*089 

0*104 

1*060 

12 

9-15 

10*68 

0*097 

0*113 

*065 

i! 

9*87 

n -51 

0*105 • 

0*123 

1*070 

14 

io *57 

12*33 

0.113 

0*132 

1-075 

15 

11*27 

13-15 

0*121 

0*141 

1 *080 

16 

11*90 

13-95 

0*129 

0*151 

1*085 

17 

12*64 

14-74 

0*137 

0*1 60 

1090 

18 

13-31 

15*53 

0*145 

0*169 

1*095 

19 

13-99 

16.32 

0-153 

0*179 

1*100 

20 

14.67 

I 7 *ii 

0*161 

0*188 

1*105 

21 

15-34 

17*89 

0*170 

0*198 

MIO 

22 

16*00 

1 8*67 

0*177 

0*207 

MI 5 

23 

16*07 

19-45 

o.i 86 

0*217 

1*120 

24 

17-34 

20*23 

0*195 

0*227 

1*125 

25 

18*00 

21-00 

0.202 

0*236 

1*130 

26 

1 8*60 

21-77 

0*21 1 

0*246 

1*135 

27 

19*32 

22.54 

0*219 

0*256 

W4O 

28 

19.98 

23*31 

0*228 

0*266 

i*i 45 

29 

20*64 

24*08 

0*217 

0*276 

1*150 

30 

21*29 

24.84 

0*245 

0*286 

I ' , 55 

3 i 

21*94 

25.60 

0-254 

0*296 

1*160 

32 

*22-60 1 

1 26.36 

0*262 

0*306 

1*165 

33 

23*25 

27*12 

/271 

0*316 

1*170 

34 

90 

27.88 

0.279 

0*326 

1*175 

35 

24-54 

28.63 

0-288 1 

0*336 

1*180 

36 

25*18 

29.38 

# °*-97 . 

0-347 

1*185 

37 

25-83 

• 30*13 

0.306 

o-i57 

1.190 

3» 

26*47 • 

30*88 

•o*3i5 . 

# 0*367 

1-195 

39 

27*10 

31-62 

0.324 

0*378 

1*200 

40 * 

* 7-74 

32*36 

0*333 

0*388 

1*205 

• 41 

28.36 

33*09 

• 0*342 

0*399 • 

I 210 • 

42 . 

28*99 

33-82 

0-351, ! 

0*409 

'"*< >215 

43 # 

29.61* 

34-55 

0*360 

0*420 

1*220 

44 

30*24 

35*28 

0*369 

0*430 

* 1*225 

. 45 

30*88 

36*03 

0*378 

o *44 1 

1*230 

46 

31-53? 

36,78 

<2-3^7 

0*452 

1-235 

47 

32*17 • 

3*53 

1 0*397 

0*463 

1*240 

48 

32.82 

38*29 • 

0*407 

0*475 

1.245 

49 

33-47 

u 39-oy 

0*417 

0*486 

1-250 

50 

. 34-13 

39-82 

• 0*427 

0*498 

1*255 

5 i 

34*78 

40*58 a 
41-34 

0*437 

0 - 509 ^ 

1.260 

52 

3?-44 

0*447 

0*521 

z.265 

53 

36*09 

^2.10 

o *457 

o *533 
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SpedCflo 
Gravities 
* 16_° 
4 “' 


at 


1-270 

1-275 

I- 2 Ko 

1 - 2 X 5 

1*290 

1*295 

1-300 

4-305 

1.310 

1-315 

1.320 

1-325 

1-330 

1-335 

1-340 

i*345 

1-350 

1-355 

1.3C10 

1-3^5 

i-37o 

i-375 

1.3X0 

i-3»5 

1-390 

1-395 

1*400 

i-4°5 

1-410 

1-415 

1-420 

1-425 

1-430 

1-435 
♦ 1-440 

1-445 
1-450 
' 1-455 

1-460 

1-465 

i- 47 o 
• 1-475 
1-480 
1 -4 8 5 
1.490 
*<t 95 

1.500 
1-501 
1.502 
1-503 
1.504 

^ 1-505 

1.500 
* 1*507 


Jlegm-s 

Tfad. 

100 paftH by weight fontam, t 

N-Pc- * | 

HNOa- / 

54 

55 # . 

36-75 

42.87 

37-41 

# 43.64. 

56 

38-07 

44-41 , 

57 

38*73 

45.18 

58 , 

* 39*39 

45-95 

59 ; 

40-05 

46-72 

60 « 

4 0 # 71 

47-49 

61 1 

. 41-37 

48-26 

62 ! 

42-06 

, 49-07 

63 

42.76 

49.89 

64 1 

43-47 

♦, 50-71 

65 I 

44*17 

51-53 

66 | 

44.89 

52-37 

67 1 

45.62 

53-22 

68 

46-35 

54-07 

69 

47.08 

54-93 

70 

47-82 

55*79 

7 i' 

48-57 

56-66 

72 

49-35 

57*57 

73 

5 o*i 3 

58-48 

74 

50.91 

59-39 

75 

51*69 

60-30 

76 

52-52 

61-27 

77 

53*35 

62-24 

78 

54*20 

63-23“ 

79 

55*°7 

64-25 

80 

55*97 

65.30 

Si 

56.92 

66.40 

82 | 

57*86 

67-50 

k s 3 

58*83 

68.63 

84 

. 59-83 

69.80 

*5 

60-84 

70.98 

86 

61.86 

0 72-17 

87'-, 

62*91 

73 - 39 ,, 

74 - fr* 

88 

64-01 

89 

65-13 

75-98 

# 90 „ 

66-24 

77-28 

91 

67-38 1 

78-60 

92 ’ 

68.56 

/ 9-98 

V 93 

69-79 

81.42 

94 

71-06 

82-90 v 

95 

: 72-39 

84-45 

. 96 

97 

73*76 

75*18 

86-05 

87.70 

98 

76*80 

89-63 

99 

78.52 

91.60 

lQO .. 

80-65 

9 V °9 

81.0? 

94-60 


' 81-50 

95.08 


8i*9i 

95-55 


1 82-29 

96.00 

101 

^82.63 

9<>39 


82-94 

96.76 


83-26* 

| 97-13 


1 litre contains kg. 


N./) 5 . 


HN0 3 . 


0*467 

0-477 

0-487 

0-498 

0^508 

0-519 

0-529 

0-540 

0*551 . 

f -562 

o -573 

0-58^ 

o -597 

0-609 

0-621 

0.633 

0-645 

0-658 

0.671 

o 684 

0.698 

0.711 

0.725 

0-739 

0-753 

0-768 

0-783 

o- 8 oo 

0.816 

0-832 

0-849 

0-867 

0-885 

0-903 

0-921 

0.941 

0- 961 
0*98 1 

1- OOI 
1-023 

'■ 1-045 

i -o68 v 
,1.092 
u i-i 1( > 
1-144 
1 * 174 ' 
1-210 
1-217 
1-224 
1-231 
1-238 
1-244 
1-249 
i *255 


0-544 r 
0-566 
0-568 
0 -$£i 
0-593 
0-605 
0-617 
0-630 
0.643 
0-656 
0.669 
0-683 
0-697 
0-71*0 
0-725 
0-739 
o -753 
o 768 
0-783 
0-798 
0-814 
0-829 
0-846 
0-862 

0-879 

0-896 

0-914 

0 933 
0-952 
o-97i 

0- 991 

1- OII 
1-032 

1-053 

1-075 

1-098 

1*121 

M 44 

1-168 

1*193 

1-219 

1-246 

- 1-274 

i- 3 « r ~ 
1-335 
1-369 
1*411 

1-420 

1-428 

1-436 

1-444 

1-451 

i *457 

1-464 
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Specific 

Gravities 

at — 

4 ' 

Degree^ 

lCjp ^parts IV wolglit contain 
_• a 

1 litre contains kg* 

• 

Twad. 


ltN 0 3 . * 

N a O 0 * 

iino 3 . 

•V508 


83.58 

97-50 

I.260 

i- 47 o 

1.509 


» 3 -S 7 

97-84 

.‘ f ! 

i-fta 

1-476 

1-510 

102 

84.O9 # 

98-10 

1-481 

1.511 


84*28 

98.32 

9 1.274 

1-486 

1-5^2 


84.46 • 

98-53 < 

1.277 

1 - 49 ° 

1*513 


84.63 

98-73 

1*280 

1-494 

i- 5 H 


84.78 

98-90 

1-583 

1-497 

I<51 | • 

103 

84.92 • 

99-07 

1-287 

. i- 5 oi» 

1-516 

... 

85.O4 

. 99*21 

• 1-289 

1-504 

i- 5 i 7 

;;; ^ 

85-15 

99-3 4 

1 29 2 

1-507 

1-518 

85.26 

, 99-46 j 

1.294 

1-510 

I- 5 I 9 

• 

« 5-35 ' 

99-57 

1 *296 

1-512 

1-520 

• 

104 

• 

85-44 

1 

99*67 ; 

1.299 

I- 5 I 5 


Correction of the observed Specific Gravities for t Temperatures 
a little above or beloiv 1 5 0 C. 

Add for -TC. 

Deduct for } 1" 0. 


With sp 

. gr. between 

1-000 

to 

1*020 

0-000 1 

11 

„ 

1*02 I 

>> 

I 040 

00002 


» * 

I 04 1 

11 

IO70 

0-0003 

»> 

11 

I-07I 

11 

MOO 

0-0004 


11 

I-IOI 

11 

I-I 30 

0-0005 

»» 

11 

i-i 3 » 

11 

i-i6o 

00006 

n 

it 

1161 

11 

1-200 

# oooo 7 



1*201 

11 

1-244 

0-0008 

» 


1-246 

11 

1-280 

0-0009 

it 

11 

•• 

1.281 

11 

i- 3 io ^ 

OOOIO 

it 

11 

I, 3 i 1 

it 

i- 35 o 

0-00 1 I 

it 

11 



1-365 

0-0012 

it 

11 

1.36^ 

11 

1-400 • 

o-<foi3 

tt 

11 

• r-40i 

» 

i -435 • 

0*0014 

11 


1-436 

» 

1-490 

0-0015 

11 

11 

1-491 

11 

1-500 

0-0016 

• 

mi 

, . 

• ” 

1*501 

a 

11 

1-520 # 

0-0017 

• 

The effect 
• ^ 

of dissolved 

t 

nitrogen 

peroxide 

in raising the 


specific gravity of nitric a<jid is seen in the following table 
due to Lunge and Marchlewski, 1 which shpws*how the specific 

h *j p° 

gravity of nitric acid (sp. gr. 14960 ht ~~) is influenced, by 
different percentages of I^0 4 . I 


1 Z . angew . Chem. y 189ft, PP* io i 33 °- 
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Influtyce* of Nitrous A tick on the Specific* Gravity of Nitric Acid 

A jr 0 * * 

(sp. gr.* 1-4960 at , 5 0 ). 

4 


NV>* ' , 

pur cent. 

Alteration of 
tq>* gr of nitric acid 
, byfU) 4 . 

N./>4 

w per cent. 

Alteration of 
sp. gr. of nitric acid 
by N«0 4 . 

0-25 

• 

0*00050 

6*55 

004475 

0-50 , 

o*o(jp75 

700 

004650 

9*7 5 

o*ooi 50 

<■ 7*25 

004720 0 

1-00 

• 0*00300 

7*50 

005000 

1*25 

0-00475 

7*75 

0*05165 

I. so 

0*00675 

, X-oo 

005325 

1-75 

0*00775 

8-25 

, 605500 

2 >00 

0*01050 

8*50 

005660 

295 

0*01250 

8.75 

* 005825 

2-50 

0*01425 

9*00 

006000 

2-75 

0-01625 

9*25 

006160 

3 *oo 

001X00 

9 * 5 o 

006325 

3 * 2 $ ' 

0 * 0114 X 5 

9*75 

006500 

3 * 5 o 

002165 

10*00 

006600 

3*75 

002350 

10.25 

006815 

4.00 

002525 

10-50 

0-06975 

4*25 

002690 

io *75 

007135 

4 * 5 ° 

002875 

11*00 

0 07300 

4*75 

003050 

11-25 

007450 

5 *oo 

003225 

1 1**50 

007600 

5*25 

003365 

n -75 

007750 

5 * 5 o 

003600 

1200 

007850 

5*75 

003775 

12-25 

008050 

6.00 

003950 

12-50 

008200 

6.25 

0-0*175 

12-75 

008350 

6.50 

004300 

... 



The following graph (Fig. 122)* giving specific gravities, 
Twaddell degrees, percentage 1IN0 3 , grams HN0 3 per litre 
of solution, and lbs. IIN0 3 per gallon of solution is based on 
figures by Lunge and Rey, 1 and is from Physical and Chemical 
Data of Nitrogen Fixation , published by the Ministry of 
Munitions, Munitibn Invention Department and, Nitrogen^ 
Products Committee (December 1918). • 

* r ' 

Contraction 'on Mixing with Water. 

When nitric acid and water are mixed, the maximum 
contraction takes place for the ratio 2lIN0 3 :3H 2 0. 2 

1 Z. atigew. Chem ., 1891, p. 165. 
a Kolb, Ann.'Chim. Phys . [IV], 10, 136. 
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The following table of contractions is a selection from the 
work ofrVeley and Manley/ * '* , . 


Percentage HNO ; , 

7. ' 

Temperature *C. 

'Contraction. 

<19-37 

14.2 

•03685 

20-68* 


•03849 

2I-c)K \ 

11 

• -04087 

25-50 ■ „ 


.0465 * 

30-17 

24.2 

.05171 

32-82 


•05510 

33*7 

f - »> « 

•05571 

* 42.40 f 

14.2 

•0669 * 

52.80 

»* * 

.0704 * 

Go-Go 

»» 

•06/42 

62.84 

9 

H 

j -06399 , 

65.80 


j .06104' 

70-20 


1 .05680 i 

• 78.22 


: -04528 ; 

81*97 


•03709 

87.90 


.02500 

8^-73 

M 

.02154 

92-34 

M 

.01626 

91-04 

U 

.01130 j 

95.62 


.00672 j 

99-97 

1 ” 

.00008 . 


Boiling-Point. 

The boiling-point of the purest liquid nitric acid at 
atmospheric pressure is given by Roscoe as 86° C., but 
decomposition occurs before this temperature is reached.' 2 

The influence of pressure on the boiling-point is seen in 
the accompanying-table, due to Creighton and Githens. 3 


9979 P cr CL ' n t‘ IINOy 


<vP require, 
mm. Ilg 

Boiling-point, 

degrees 

Pressure, 
nmi. Hg. 

Boiling-point, 

, degiees. 

47 

v 22-1 

290 

57 -i‘ 

5 - 

24*5 

546 

62.1 

60 

26-2 

360 

' 63.4 

90 

31-7 

1 4 2 5 

68.5 

no 

35-6 

fOO 

72-7 

125 1 * 

38-5 1 

580 

77-2 

203 

‘ . 49 -o ' 

675 

82.5 

250 

53*5 




1 Roy. Soc. Proc ., 69 , 86-^19 ; /. Chem. Soc. Trans., 1903, 83 , 1015-1021. 

2 Roscoe,/, Chem. Soc. Trans., 1861, 18, 146. 

c 3 /. Franklin Inst. , 1915, 179 , 101. 
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The results are shown graphically in Fig. 123, which also gives 
graphs for the daja qorteerniryg aqueots solutions of nitritfacid. 



The boiling-points of aqueous solutions of nitric acid at 760 mm., 
360mm., 250 mm., and 1 10 mm. pressure, and their composition, 
are given in the following table (Creighton and Githens) : — 


Pressure 

- 7oO mm 

Pressure 

800 mm 

, Pressure 

• - 

‘200 mm 

Pressure 

- 110 nun. 

Per cent. 
IINOj. 

Polling- 

pomt, 

degrees 

Per cmiI 
UNO.,. 

^*Jlll!lg- 

point, 

degrees. 

I’m (wnt 
UNO) 

Polling- * 
point, 
degrees 

I’m cent. 

ILNU.I 

Poiling- 

point, 

degrees. 

1 9-37 

103-56 

20-30 

«4-7. 

1^-51 

74-5 

23-61 

?7-5 

30-43 

108.08 

32*05 

87*2 

30-02 

76-6 

34*4 * 

607 

41.38 

112-59 

42 as 

. 9I-I 

45-42 

82-1 

4°'44 

63-6 

$i’ fi 3 

116-85 

53*14 

95*4 

56.91 

86-4 

51-74 

68-3 

36-01 

ll8.88> 

54-67 

95*8 

65-34 

m 

54-42 

69*4* 

59-77 

1*2006 

57-72 

97-1 

67.91 

89.9 

6021 

71*6 

63-*>9 

121-27 

61*6 

98.7 

68*72 

89.9 

66.78 

74-3 

.65-17 

1 2 1 -66 

67.25 

IOOO 

71*24 

89 6 

68.32 

73-9 

67-74 

121-67* 

68*46 

99 

79*5° 

83-1 

68.53 

ft- 6 

68-18 

121.79 

68.91 

99-9 . 

87-93* 

7o-4 • 

; *69-42 

73-8 

69.24 

121*80 

69*61 

99.9 

90*o| 

/*5 

73-12 

73-i 

7M0 

121.60 

74-39 

99.6 

95*76 

» 59-i 

8 o*Ci 

66-8 

73-56 

120.75 

76*92 

97-4 

99-79 

53*5- 

87.62 

56*5 

80.50 

H5-45 

80.2 f 

94-o 



94-31 

45-o 

85-51 

I08*i 2 

84.41 

JS9-I 

... 

1 

99-79 

35-tf* 

9006 

102*03 

9I-3I 

79-5 


... 

... 


95-45 

95-42 

99-79 

63-4 




... 
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The change of boiling-point with variation of concentration 

at cofystaht pressures is shown in fig. I2 4- , 

Solution of Constant BoJUng-polnt -Dalton was the first 
to point out that whether concentrated or dilute aqueous 
solutions of nitric acid are distilled at atmospheric pressitfe ttie 
boiling-point gradually rises to 120-5° C., when the liquid thus 
obtained distils ove\ unchanged at this constant temperature. 
The solution of conslant boiling-point contains per c 



a different concentration. , 

This points to the fact that the solution of 68 per cent 
HNO content is not a .definite hydrate of nitric acid If 
it were, it should preserve its constant composition throughout 
a definite range of temperature and pressure. 

-S« ot W *S Aid on. — Tfce effect of oulphur.c 

1 Roscoe,/ Chert. Soc. Trans 1861, 18, 146. 
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on the boiling-point of nitric acid is shown in Fig. 125, due 
to Creighton and Sihith. 1 \lt is sfien that the presence of 
sulphuric acid raises tJieT boifing-poinft of nitrio acid solutions 
ai\d leads tt) a decrease in the HNO ;i content of the mixture 



Vapour pressure determinations of nitrip acid and its 
sglutions have been carried* out by Ssrposchnikofif 2 and by 
Creighton and Githens. 3 The following ^graph, Kig. 126, is 
from data by the latter authors. ^ 

1 / Franklin Inst . , 1915, 180, 706. 2 Z.physik. Chem., 1905, 68, 225. # 

/ Franklin Inst ., 19P5, 176 , 161-69. 
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Freezing-Point. 

c ^ ( c • 1 

Ktfster and Munch give the melting-point' of absolute nitric 
acid as ~4i° CV 0 • 

The freezing-points of aqueous solutions of ‘’ nitric ar.id 
as obtained by.Kuster and Kremann 2 are given in Fig. 127. * 

• ^ 

\ Specific Heat. 

The work of Pascal and Gamier 3 (see table below) is in 
general agreement withe the earlier work of Marignac and 
Thomsen. * « 


Per (MMit. 

Per trill. 

Mean Rperilic Hi nt at ‘20". 

, 10*00 

ml. 

0*900 

25-57 

„ 

0-787 

40*00 

„ 

0*669 

45 -S 7 

„ 

0*662 

() 0'$2 

„ 

0*637 

70.00 

o -7 

o*6 10 

8 1 . So 

T, 54 

o -575 

90-53 

2.30 

0-530 

92-15 

4*22 

0.500 

98*15 

1.85 

o -475 


Vapour Density. 

By mixing the vapour from nitric acid with dry air, Playfair 
and Wanklyn found the vapour density at 40-5" C. to be 34*3- 4 

The calculated value for HN 0 3 is 31-5. 

Heat of Soluti*u. 

The following table gives the results of determinations by 
.Thomson 5 and Beithelot 0 of the heat of solution in kilogram 
calories whep 1 gram molecule of FfN 0 3 is dissolved in M. gram 
molecules of H 2 0 . v “ 


M. 

0«*'» 

1 

1-5 



8 

4 

5 

0 8 

10 

20 

40 

80 

100 


200 


Thomsen, } 8* C. 

2 00 

8-20 

4 -10 


6 27 

6-71 


0-00 

.. .. 

7-82] 

7 40 

714 

7-42 

7*44 

7-46 


7-49 

Borthelot, 10° C. . 

2 08 

o-S*. 

4-10 

4 80 

** 1 

1 

jfi 70 

(J'81* 

,0 70 

(J-D87-22 

1 1 

7*27 

7 86 

7*27 


7 21 


7-18 



1 Z. anorg. Chem ., 1905, 48 , 350. 2 lin'd., 1904, 41 , 1. 

3 Bull . Soc . chim.y 1920 ; [IV], 2 * 7 , 8-18. 4 J. 'Chem . Soe ., 1862, 16, 142. 

* Thermo . chem. Untershch , Leipzig, 1883,'Bd. 3. 
v 0 Ann. Chim. Phys., 1875, 4 468. 
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Hydrates. 

Mifch investigation on the physical %pr@perties of nitric 
acid solutions’ has shov^n the existenpc of discontinuities in 
these properties pointing to the existence of varictos hydrates 
of nitric acid. , 1 

Veley and Mhnfiy, in a paper f on “ Some Physical Properties 
of Nitric Acid Solufiptis,'’ 1 point out that the physical r prop- 
erties of nitric acid display well-marked alterations at definite 
points, and that ^uch points correspond very approximately to 
the concentrations required for simple molecular combinations 
only of nitric acid (HNO s ) with water. 

Pickering succeeded in isolating two crystalline hydrates 
corresponding to ■ ( 

HNO :{ . 3H 2 0 (53.7 per cent. I 1 N 0 3 ) Mp - 18* C. 

(large fairly transparent crystals) and 

HN 0 3 .H ,0 (77.8 per cent. TIN 0 3 ) Mp - 36.8° C. 

(smaller more opaque gritty crystals 2 ). 

Kiister and Kremann also find the existence of the above 
hydrates. 3 

Electrical Conductivity. * ^ 

From their work on the electrical conductivity of 
aqueous nitric: acid solutions, Kohlrausch and Grotrian 
concluded that the Conductivity increases with percentage 
concentration up to 30 to 33 per cent. IIN 0 3 and con- 
* sequently decreases. 4 ** 

The determinations of Veley and Manley show that the 
' conductivity increases for percentage concentrations from 
1*3 to 30 <, at / first rapidly, then less rapidly ; from this point the 
conductivity decreases slowly up to 70 per cent., thence more 
rapidly until a mitfimum is reached at 96*12 psr qent. when 
a sudden increase takes place. 5 1 .1 ^ 

The table on opposite page and curve (Fig. 128) on 
page 338 are from Veley and Manley’s paper. 

1 Roy. Soc. Proc ., 69 , 86-119. 

2 /. Chem. Soc . Tram., 1893, 08 , 436. 

, 3 Z. anqyg. Chem ., 1904, 41 , 1. 

K Ann . Pkys. Chem., 164 , i 15-39. 

' 6 Phil. Trans., 1898 , 191 A, 365-98. 
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Electrical Conductivities of Nitric Acid from 1*3 per cent. HN0 3 


H N O a at 1 5 0 C. 


IVr cent. Concentration. 

Spoclflc^onduothitles * 

K x 10# Mercury Units. 

If 3° * * 

632-06 # , 

3-i*. 

1440-6/ 

5 '99 

261 8- If 

* 10-13 

4°7'f 2 

15-32 

5460-5 

20*11 

'*63.8 

25-(/) • 

6875-1 

. 30-42 

, 7008.2 

* 33-8 i 

6962.8 

. % 35-90 « 

6857.6 

• 39-48 

6648.5 

45-01 

6225.9 

51-78 

555 W 

53-03 

5449-8 

58-20 

4908.8 

6 1 -20 

4665.1 

65-77 

4060.3 * 

69-53 

3728.7 

73-82 

2877.0 

76-59 

2613.5 

78-96 

I9t5-i 

84.0.8 

1152-2 

80. 1 8 

930.86 

87.72 # 

706.23 

89.92 

472.02 

91.97 

302.7 

94-32 

207.8 

96.12 

142-38 

98 50 

167.81 # 

98-85 

18*36 

99.27 

375-15 

99-97 

• 387-3* 

• • 

d* 


Magnetic Rotatory Power. , 

• 0 % 

W. II. Perkin, senior, gives the following result* for the 
magnetic rotatory p%wer # of nitric acid 1 : — 


• 

, Molo^lar Composition. 

• Ter cent. 
Composition. 

• 

Specific Rotation 
at 15’ 0. 

» 

Molecular 

Rotation. 

Molecular Rotation 
* less that 
due to lf«0. 

• 

HN 0 3 + 0-019 H/) 

99-45 

• . 

O.5292 

1.22^ • 

I.207 

’ + 2.701 “ 

56-44 

*0-8042 • 

. * 3-678 

0-977 

+ 7 - 3 i 1 » 

32.36 

0.9066 # 

8.163 

0.852 

+ 9-555 

26.81 

0.9238 

10*360 

0.805 • 

+ 12.030 „ 

<2.54 

• 

0.9350 

12.783 

0-753 ^ 


1 J . Chew . Soc . Trans.fiZ^t 68, 65. 
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Refractive Index. 

According to Veley. and, Manley, values for fi n flicreast 
slowly with increase ef percentage »f HN 0 3 70 per cent, 
wjjerethe maximum value is reached; from this point the 
values decrease to 98-67 per cent, and then there is a slight 
increase. The refractiye iifdex for the'anhydrous acid is 
approximately equal to that of an acid ^*50 per cent. HNO 1 
The accompanying table is from the paper by Veley and 
Manley • 4 7 

0 • . 

• • „ Refractive I mi ices at 14-2° C. 2 


Percentage 

Concentration. 


2.19 


9.29 

11-88 

16.11 

18-27 

21.66 

2507 

29.40 
;2*6o 
. . 26 
36.68 
39 - n 


1-336208 
• 33843 t 
•342298 

•345824 

•349371 

• 355 »o 7 

•358541 
•363091 
•365152 h 
•374225 I 
•377798 
•380354 I 

•383039 I 

•386262 


Peieentage 

Concentration 


41-45 

44-69 

46.90 

49.12 

50.00 

54-63 

57.00 
60.33 

63.07 
• 66.60 
67.92 

70.0 4 
71-57 
71-63 




112 


I 1.388788 
•392305 

■394496 

I -W 699 
I -398435 

1 -401017 

I -402440 

I -404080 

j *405157 

-405860 
I -105985 
•40(1094 
| -406046 

1 *405(19(1 


1 Percentage 

11 14-2 

' Concent ration 


1 75-23 

1 1-405599 

1 78.07 

1 -405091 

j| 4II.J2 

! -404504 

84.11 

j -403427 

85.80 

• .402924 

1, 87.20 

j -402412 

1 89.88 

.401419 

1 91.29 

.401017 

; 92.82 

•400249 

i 95-66 1 

•398148 

i| 98.67 | 

.396980 

j 99-«7 j 

.397167 

1 m 1 

' j 


Absorption Spectra. 

Ihe absorption spectra of nitric acid and“its solutions have- 
been studied by Hartley. 3 


Viscosity. 


The following values for viscosities of nitric acid solutions 
are given.by *Kustpr and Kremann 4 : * # 


Per cent. HNO., 
v'(+lS°C.) . . 

• 9 «-? 

82.0 70-0 

65.0 

500 

30-0 

- 0.548 

1.036 # 1-277 

1-300 

I-I 44 

0.822 

’?(~I 5 °C.) . 

• 0.833 

2-240 3.268 

£304 

2 - 36 * 

# 1-635 



V — 1 for water at o° O 

• 



o 


1 Roy. Soc. Ptpc., 69 , 86-119. # • 

2 Veley and Manley, Roy. Soc. Proc.,139, 114. 

3 J. Ghent. Soc. Trans ., 1903, 88, 658-66 ; ibid. , p. 233. 

4 Z. anorg. Chem. y 1904, 41 , 13.* 
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^ Latent Heat of fusion and Evaporation . 1 


t 

* 

1 * 

< < 

Gram Calories f 

Gram Calorios 


por 1 gram. 

por 1 gram ftWteoule. 

Latent Heat of'F ui^on . 

fl-$ 4 ' 

601 

Latent Heat of Evajl option 

II 5-i 

7250 


Heat of Formation. f 

H + N + 0 3 + Aq =■ HNO s Af] + 49,090 csls. Thomsen. 

+ 48,800 cals. Berthelot. 

whence by subtracting the heat of solution — 

7490 Thomsen 
, 7180 Berthelot 

we get — 

H + N + O s - UNO., + 41,600 cals, (gram calories). 

(NO,)' Ion. 

The nitrate (NO n )' ion is one of the most clectro-negatjyxu 
ions, and its absolute velocity at 18 0 under a potential gradient 
of 1 volt per cm. is 6*4 x io~ 4 cms. per second. 2 

Nitric acid is very highly ionised in dilute solution and by 
the usual methods of comparison by avidity, inversion 
of cane sugar, ljvdrolysis of methyl acetate, electrical con- 
' ductivity, etc.) ; it is the second strongest acid, being preceded 
only by hydrochloric acid. 

Heat of Neutralisation. 

1 The heat of neutralisation of nitric acid with sodium 
hydroxide is 13,680 cals., and 'with potassium hydroxide- 
1 3,770 cals. 3 

Molecular Weight. 

The molecular weight of nitric acid is 63-02. 

■ 1 Berthelot, Ann . Chirn. Phys.^ 1877 ; [V], 12, 530. 

2 M‘Lewis, A System of Physical Chemistry , 1920, vol. i., p. 212. 

3 Thomsen, Th. Untersuch } i9o6,[p. 40. 
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Constitution of Concentrated Acid. 

The purest concentrate^ nitric acid behaves very differently 
from the normally obtained concentrated add. Veley and 
AJanley folind that acid of 9997 per cent. HNO a had no 
Jction on copper, silver, cadmium, or mercufy, of a high 
degree of purity, nor on commercial mr.|m?sium at ordinary 
temperature; purified iron and con^iiercial zinc were not 
affected by the acid even when boiling. Purified zinc was 
slightly acted on, while sodium immediately caught fire. # The 
acid had no # action whatever ,011 calcium*carbonate at ordinary 
temperature or at the boiling-point. 1 

Aston and Ramsay found that nitric acid in the liquid 
stafc2 has a molecular weight greater than that expressed by 
the formula HNO a , and suggested that it probably consists of 
a large proportion of molecules of H 3 N 2 O 0 mixed with simple 
molecules. 2 * 

From his work on absorption spectra, Hartley concluded 
that in all probability nitric acid is more or less of the nature 
v(HNO 3 ). 3 

• 

Fuming Nitric Acid. 

Preparation. 

Fuming nitric acid is a concentrated nitric, acid containing 
variable quantities of N 2 0 4 in solution. It is a red fuming 
liquid produced by adding «nitrous acid, nitrous anhydride, 
nitrogen peroxide, o»* nitric oxide to concentrated nitric 
acid. 

It is also obtained by distilling sodium, or potassium /iitraf£ 
with half its weight of sulpifuric acid, when*in th$ second stage 
of the reaction the -decomposition represented by the equation 

. * KtfSOj + KN 0 3 = K 2 SO ( + HNO % 

• . 

takes place at so high a temperature that part of the nitric 
acid is decomposed with formation* of N 0 2 wjiich dissofves in 
the distillate. ’ • • • 

By distilling concentrated nitric acid with concentrated 

1 Phil. Trans. y 1898, 191 *, 365. 

2 J. Chetn. Soc.y 1894, 86, 169. 

3 J. Chem. Soc. Triins., 1903, 88, 658. 
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sulphuric acid, the latter partially dehydrates the nitric 
acid, and nitrogen peroxide, which results, dissolves in the 
distillate. « * « t 

By introducing into the distilling mixture of« sodium or 
potassium nitrate and sulphuric acid a quantity of starch, 
reduction of a pflrtkm of the nitrric acid formed takes place, 
and the resulting nitrpgen peroxide dissolves in the unreduced 
nitric acid. 

Fuming nitric ‘acid may also be obtained by adding para- 
formaldehyde to conc<*ntrated nitric acid. 1 1 

In any case the distillate should be caught in a well-cooled 
receiver to prevent loss of nitrogen peroxide. 

It is obtained commercially where partial decomposition of 
nitric acid has been brought about by the presence of organic 
matter, by heat or other means. 

Properties. 

It is dark red in colour, fumes strongly in the air, and is 
a more active oxidising agent than pure nitric acid. 

On dilution with water the fuming* acid changes in colour 
from dark red through browns to yellowish green. With fee*- 
cold water a dilute solution is blue. 

The green solutions contain IINCX and N 2 0 4 , whilst the 
blue solutions contain evil y HN0 2 . 2 

The specific gravities of fuming acid of different N 2 0 4 
contents are giver on p. 328. . , 

t 

« 

• * / AquA Re(;ia. 

• « , 

The preparation of this active reagenV was first recorded 
by Geber in the eighth century, who prepared it by dissolving 
sal ammoniac* in aqua fortis and recognjsed its power of 
dissolving gold. The name aqua regia is first found, according 
to Roscoe, in the writings of Basil Valentine, who prepared it 
by the method given ‘by Gfeber, and also by mixing nitric and 
hydrochloric acids. # 

^Vanino, Ber ., 1899, 82*1392-3. % 

3 Marchlewski, Z. anorg. Chem. , 1892, 1, 368, and 1892, 2, 18; with 
f Liljernstein, 1894, 5 , 288. * 
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It is obtained when nitric and hyrochloric acids are mixed 
in the ratio of one q{ fhe former to three of the latte* 

HN0 3 + < 3MC1 % - NOC1 %■ Cl, + H* 0 . 

, Its solv?nt power depends on the presence of free chlorine 
in solution. 


Chemical Properties oe Nitric Acid. 

General. 

• • 

Nitric acid is extremely corrosive* and causes painful 
wounds on* thc«skin (see p. 1&6). Its action on organic matter 
is rapid, being partly oxidising and partly nitrating with 
formation of nitric esters or nitro-substitution bodies. Dilute 
solutions give a bright yellow coloration witlf skin, hair, 
wool, etc. 

Nitric acid is extremely reactive, being „a very energetic 
oxidising agent. Acting as an oxidising agent it is itself 
reduced, and the nature of the reduction product is dependent 
on many factors. Some of the recognised reduction products 
of nitric acid are, NO,, HNO„ N„ 0 „ NO, N, 0 , N„ NH a OH, 
and NH 3 . 

Reactions. 

1. Carius has shown that nitric acid is completely decomposed 
by heat at about 256" C, according to the equation 
4 HNO 3 - 4 NO, + 211,0 + (),. 

The following table, givingVesults obtained by Carius, 1 shows 
the extent of decomposition at various temperatures : — # 



8.G. of 

Vapour. 

• 


Temperature of 


» 

l’tfccnl.w 

Oxygoi) from « 

Decomposition. 


« 

Dl'Cl • WJiOHll 1011 

^«ram JlNO a . 


Air - 1. 

«■ „ • 

]* = 1. 

• 


80 o £. * 

. 2-05 

29.6 

• 9-53 

»-43 r i* 

100 

2-02 

• 29-1 

n-77 • 

I0-4I „ 

130 

# 1-92 

27.6 

18.78 

1 04)2 „ 

160 

1-79 ' 

25-S 

28 .99 

20.22 ,, 

190 

1*59 

• 23.0 , 

49-34 

43-^f „ 

220 

1.42 

, 20.4 

7*°; 

^3*77 ,, 

250 

1.29 

18.6 

• • 93-°3 

82.30 „ 

256 

1.25 

18-0 « 

IOO-CX) 

88.47 „ 

265 

i; 2 4 

17*9 

• ... 


312 

1-23 

* 

17-8 

* 

• 


1 L. Carius, Ber . [IV], 828-34. 
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2. Concentrated nitric acid is slowly decomposed at the 
ordinfoy temperature on 6xposura*to suhlight, giving nitrogen 
peroxide, water, and oxr/gei?, so that ^ on standing exposed 
to sunlight the acid becomes yellow and contains* N 2 0 4 . 

« . 4 HN0 3 - 2 N 2 0 4 + 2 H.jO + O a . *• 

According to* l&rthelot this feaction is endothermic and 
not entirely reversib^ and does not take place with dilute 
acid. Acid of sp. gr. i 365, corresponding to' the composition 
HN 0 3 . 2jH a O, wfis found to have undergone no appreciable 
amount of decomposiflon after several weeks’ exp9sure. A 

The products of decomposition slowly pecombine more or 
less completely in the absence of light. 2 

Veley and Manley suggest that the decomposition in sunlight 
is a decomposition of the vapour rather than of the liquid. 3 

3. Nitric acid may be completely decomposed by passing 
the vapour over 'highly incandescent copper, since the oxides 
of nitrogen first formed give up their oxygen to the copper 
so that only water and nitrogen remain. 

4. Berthelot showed that at ordinary temperatures and 
at ioo° C, free hydrogen exerts no .decomposing action on 
nitric acid. 4 

Hydrogen evolved in presence of nitric acid reduces the 
acid, giving reduction products which vary with the concentra- 
tion. This reducing effect is seen during the electrolysis ol 
solutions of nitric acid! when the hydrogen which is liberated 
from the cathode causes the production of nitrous acid, N 2 0 3 
f NO, N 2 , and NHJ according to the conditions. 

With very dilute solutions the hydrogen evolved does not 
rensih/y affect the 1 nitric acid. 6 Concentrated nitric acid is 
rapidly reduced by hydrogen occluded by Ft or Pd.° 

5. Nitric Acid and the Metals. — Gold, 'platinum, iridium, 
tantalum, rhodium, ahd titanium do not react with # nitfic acid. 

1 Comptes rend., 1898, 127 , 143. » m 

2 Reynolds and Taylor,/. Chetn, Soc. Prot ., 1911, 27 , 30$ ; /. Chem. So&, 

Trans.] 1912, 101, 131. « * 

8 Phil. Trans., 1898, 101 a, 367. 

4 Comptes rend., 127 ; [I j, 2,7-29. 

6 See Bourgoin,/. Pharm ., 1871'; [IV], 18 , 266,; Gladstone and Tribe, 
/. Chem. Soc., 1879, 86, 173* 

6 Gladstone and Tribe, ibid. ; Banerjee and Banerjee, /. Chem. Soc, 
''Proc., 1911,27,326. 1 
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t 0n ad ^ing magnesium to very dilute nitric acid (one of 
acid to six or eight; of- watis), hydrdfcen is evolved alosfc with 
nitrous and nitric oxides and. nitfogen. 1 2 In the cold the 
hydrogen Evolved is nearly pure. As the solution becomes 
\farm and the percentage of magnesium nitrate increases, the 
production of hydrogen rapidly diminishes.* • 

Xhe metals which react with nitric aci^l cause decomposition 
of the acid and at the same time go into solution as nitrates, 
though in some cases the nitrates firsfcproducfcd are decomposed 
with tlTc final production of hydrated •oxides, <*.£•., with tin, 
antimony, arsdhic, tungsten, and molybdenum. 

The question as to exactly what happens when various 
me^ls react wyth nitric acid has proved a very vexed one. 
Apart from the intrinsic complexity of the reduction of nitric 
acid, the question has been further complicated owing to the 
uncertainties as regards impurity factors whreh have come into 
play during the many investigations. 

The reduction products resulting from the action of metals 
on nitric acid vary with temperature and concentration of acid, 
with the nature of the # metal, and with the accumulation in 
the solution of reduction and solution products of the reaction. 

Divers 3 divides the metals into two classes as regards 
their action on nitric acid. Silver, mercury, copper, and bismuth 
form one class, and result in the primary formation of nitrite 
and nitrate with subsequent secondaiy formation of nitrous 
acid, nitric oxide, and nitrogeh peroxide, lie considers nitrous 
acid necessary for the* reaction, but only a catalyst anc^ 
not as influencing the accumulating quantity of nitrite. 

The reaction with silver is represented^ folltAvs:-— % 


(i) 2 Ag + 2 HN0 3 # - AgNO, 4- Ag*10 3 +.11,0 

* , ■ — ■■■■ — ■ , ^ 

priuiai y products 

.(+ Ag^Q 2 + HNO a AgNOa + flNO, ' 

ffut (3) HNO 2 + HN0 3 Zt 2NO., + ILO ’[ **ondary 
* .... * — “ reactions, 

and (4) 3HN0 2 MN0 8 + 2^0 + h 2 0 . 

Reaction (2) occurs (a) when tfiere *i£ not sufficient nitrous 
acid present to act as a catalyst; and (4) when there is not * 


1 Gladstone and Tr^be, /. Chetn. Soe. t9 i 8 yg, 86, 178-9. 

2 Ewart, Pi harm. 1902, 68 ; [1649], 82 ; Nature , 66, 128. 

3 J. Cketn. Soc. Trans. ) 1883, 48? 443-66. 
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sufficient water present to preserve the nitrite from the action 
of nitrtc acid. * *• * * 

. t 

Reaction (3). occurs with concentrated acid. 

Reaction (4) occurs with dilute acid. • * 

The sec«n4 class includes aluminium, cadmium, irdh 
magnesium, lead •tifc, zinc, and tlu# alkali metals. The primary 
products in this ca^e are nitrate and hydroxylamine. As 
secondary products ammonia, nitrogen, nitrous oxide, nitric 
oxide and nitrogen perexidc appear independently of each 
other* without interm<*liate prodyctfon, and nitrite and* nitrous 
acid are formed by the action of the metalS on their own 
nitrates. 

These two broad class divisions of the metals coirypide 
with their classification in the potential series, the electro- 
positive metals behaving differently from those which are 
electro-negative. " 

The influence of nitrous acid on the activity of nitric acid 
on metals was first noticed by Millon, 1 while Veley showed 
that nitric acid quite free from nitrous acid had no action 
on ordinarily reactive metals. 2 

Banerjee and Banerjce 2 favour the nascent hydrogen theory 
in explanation of the action of nitric acid on metals, and upfiold 
the view of Montemartini that those metals which decompose 
water at a high* temperature give with nitric acid, N 2 0 4 , N 2 0 3 
and NO; whilst thost: which decompose water at a low 
temperature give in addition to the above, N 2 0, N 2 and NH 3 ; 
f and those decomposing water at the oYdinary temperature also 
evolve hydrogen. 

c Freer ancl Higlcy 1 have r measured the relative amounts 
of the reduction products when iron dissolves in nitric acid 
of different concentrations. Their fesuita show that the 
degYee of reduction*- decreases with increase of acid con- 
centration, an'd whilst a large pkrcentagq* of ammonm is 
formed with very weak acid, only nitrogen f peroxide is 
formed with very .strong acid. 1 

According to Vetey arid Manley, nitric acid containing 

1 /. Pharm. Chim.\ 1842 ; [III], 2,^. 1 79. 

2 /. Soc. Qtem. Ind. } 1891, 10, 204. 

3 /. Chetn. Soc . Proc. y 1911, 27 , 326. 

4 Amcr. Chetn. 1899, 21, 377*92. 
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99-97 per cent. HN 0 3 has no action on copper, silver, cadmium, 
or mercury, or. qn ••commercial ^magnesium at* ordinary 
temperatures; purified iron ‘and commercial granulated zinc 
were not affected by the acid even when boiling; purified 
zific was slightly acted on; sodium immediately, caught fire. 
The acid had no action whatever on >caJcium carbonate 
at ordinary temperatures or the boiling-point. Flowers of 
sulphur and ferrous sulphide dissolved 'quickly in the gently 
warmed acid. 1 2 § * 

Concentrated nitric acid # causes iron to assume the “ passive” 
state so tha’tlh* surface of the metal is rendered inactive and 
is no longer aeted upon by dilute nitric acid, which previously 
dissolved it freel^y. 

All except the very active metals may be rendered passive 
by making them the anode in a nitric acid solution and increasing 
the current density. At a definite current density dissolution 
ceases, and thereafter the anode behaves like a noble metal 
anode, oxygen being evolved. 

It is considered that passivity is probably due to some form 
of association of oxygen with the metal at its surface. 

6. All the solid non-metals are oxidised by nitric acid, with 
consequent reduction of the latter.^ 

eg. 3 F + ioHN 0 3 - 6HI(> 3 + ioNO + ilUO 
S 4 - 2IINO3 - II, SO, + 2NO • 

61 > + 10HNO3 + 4 li 2 0 =. 61 13PO1 + 10NO 

Nitric acid is useA«in quantitative organic analysis for 
oxidation of the sulphur in sulphur- containing compounds* 
to sulphuric acid and of phosphorus to phpsphorit acid, which 
arc then estimated gravirrtetrically. The # methqd js due to 
Carius. *%..* • 

7. Compounds in a lower state of oxidation are further 
oxidised *by nitrii^ add. * 

e.g. ferrous*salts are oxidised to ferric 

stannous salts are oxidised to stannic, etc. • * 

6FeS0' 4 + 3H 2 S0 4 + 2HN0 8 = 3Fe 2 (^0 4 ) 8 + 2N0 + 4 H s 0 
SnCl 2 + 2HCI +2HNO3 *= Snfcl 4 + aJN0 2 + 2H 2 0. . 

1 Phil. Trans., 1S98, 191 A, 365. 

2 Montemartini, Gazz. ChittA 1 tal. % 1898 ; [I], 28, 397. 
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Sulphur dioxide is oxidised by concentrated nitric acid 
forming stolphuric acid and nitroge 1 peroxide— 

S0 2 + 2liN0 3 - H 3 S0 4 **+ 2N0 2 

With more dilute nitric acid, the nitric acid is reduced u to 
nitric oxide — 

3 SO, + 2LNO3 + aH .>0 - 3 H 2 S 0 4 + 2NO 
Nitric acid vapour and -SO., fonn r nitro-sulphonic acid N 0 2 , 

sOo, oil f “ , 

8. Sulphides may give nitrates and sulphuretted hydrogen, 
but the latter compound is further oxidised to sulphur and then 
to sulphuric acid, with formation of metallic sulphates. 

eg. (1) PbS +2IINO3 = Pb(NO s ) 2 +H,S 

( 2 ) 3 PbS^ 81INO a « 3 Pb(N0 8 ) 2 + 4 H. 5 O + 3S + 2 NO 

(3) 3 PbS+i4HN0 3 = 3 Pb(N 0 8 ).,+ 4H 2 0 + 3 II 2 S 0 4 + 8 N 0 

9. Hydriodic acid and iodides are oxidised, giving 
iodine and water with consequent reduction of the nitric 
acid to NO. 

Hydrobromic acid at o° forms 13 r 2 and N 0 2 . < 

Hydrochloric acid gives H. 2 0 , NOG, and Cl 2 (see Aqua 
Regia, p. 342). 

10. Organic compounds behave very differently with nitric 
acid according to their nature. With aliphatic compounds the 
general tendency of nitric acid is to oxidise the carbon com- 

w pound, but characteristic nitrate formations are exemplified in 
the production of nitro-glycerine and nitro-cotton. In the 
formation of^such nitrates the group — N 0 2 replaces H of the 
OH radicle, eg . : — 

GH.,OH CH.O.NO, " ' 

1 ' 1 

, CHOH + 3HN0 8 = CH.O.NO., + 3H./) 

CHjOH , CH,. 0 .N 0 2 

Glycerine. Nitro-glycerine. 

With aromatic compounds, nitric'’ acid reacts to produce 
1 a class of bodies known us nitro-compounds, in which the 
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-NO„ group replaces H which was directly attached to 
carbon, e.g . : — . , • 

CH * . |CH 


ncff\ 


HC 


\/ 

CH 


CH 

CII 


+ HNOo 


HC| 

HC 


/\ 


C - NO, 


V 

CH 


I OH 

' » 


Vh n,o 


Benzene. 


+ HN0 3 


C.H.NO. # 

Nitro- benzene. 


+ 1L,0 


In oxidising such bodies as hay, straw, and sawdust, 
concentrated fiitric acid readily causes them to inflame. 

§tarch decora poses nitric acid with production of NO, N0 2 , 
and N 2 0 3 . * 


Nitric acid is a mono-basic acid and forms a series of salts 
called nitrates which are specially characterijed by nearly all 
being easily soluble in water, from solutions in which they 
usually crystallise well. They may be obtained by neutralising 
the acid with the oxide or carbonate of the metal, though 
usually they may be prepared by dissolving the metal in 
nitric acid. 

Only injure instances are acid or basic nitrates obtained. 
Bismuth and mercuric nitrates arc hydrolysed in water, giving 
basic nitrates which are insoluble in water but.which dissolve 
in dilute nitric acid. » 


eg. ]Si(NO ;1 ), + 2ir,0 IliNO, (Oil), + 2HN0 3 

Nitrates are all capable of evolving oxygen when heated,* 
and therefore act as oxidising agents. . 

eg. 2PI) (NO.,)./ - 2 PbO + 4NO,, + CL 
2 UNO., - 2KNO a + O./ 
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INDUSTRIALLY IMPORTANT NITRATES 

_ Nitrates as a ClAss. 

TlIE salts produced by th(f interaction of bases with nitric 
acid are kno'wn as nitrates, the general reaction being 
reptesented by the equation — * 

CaO + 2lIN0 3 - Ca(N0 3 ) 2 + II 2 0 

Lime + Nit lie acid - C.iKium nitrate -I- Water 

Nitrates as a class are among the most important of all salts, 
as they are utilised to an enormous extent as fertilisers in 
soil cultivation to provide the supplies of nitrogen necessary 
for plant growth. 

General Properties. 

All normal nitrates are soluble in water, and this property 
distinguishes the salts of nitric acid from those of sulphuric 
and hydrochloric acid, some of which are insoluble in water. 
Certain nitrates (eg., mercuric and # bismuth nitrates) are, 
however, readily hydrolysed by water with production of 
insoluble basic salts. * * • 

eg. Bi(N0 3 ) 3 + 21 1,0 = Bi(0II). 2 N0 3 + 2yN0 3 

Normal salt > Basffc salt • • 

All nitrates are decomposed when heated witTi concentrated 
sulphuric a$id with liberation of nitric acjd. , 

k * eg. kno 3 + i* 2 so 4 - kiiso 4 + urn ,. 

All nitrates are decomposed on heating with lit^ation 
of oxygen, and thus they act like ritric* acid as oxidising 
agents, • * 

The alkali metal nitrates, on heating ,at a red heat crive 
nitrites and oxygen. # , 

eg. 2KNO3 - 2 # KN0 2 + 0 2 , 


859 



360 


INDUSTRIAL NITRATES 


Stronger heating, however, leads to the evolution of oxygen, 
brown # fumps, and a residue of the alkali metal oxides remains. 
' e.g. 8KN0 3 - |N0 2 + + ?K 2 0 + 2K 2 0 2 . 

y * ♦ 

Silver nitrate also shows nitrite formation when keated just 
above its fusing point. 

Ammonium nitrhte behaves exceptionally on heating, being 
decomposed into nitrous oxide and steam. 

Nrt 4 (N0 3 ) « N 2 0 + 2H 2 0. * 

Other nitrates do not shfnv the intermediate nitrite decom- 

• , <l * 

position stage, being decomposed direct into nitrogen oxides, 

oxygen, and metallic oxide. t 

e.g. 2Pb(NOjj)j - 2PbO + 4N0 2 + 0 2 . 

The large u.^age of nitrates in the manufacture of explosives 
is dependent on their capability of liberating oxygen readily 
when heated. + 

General Methods of Preparation. 

1. Solution of metal in nitric acid— 

e.g. 2 Ag + 4IINO.J - 2AgN0 8 + 2NO, + 2H0O. 

2. Reaction of oxide or hydroxide with nitric acid — 

e.g. (it) Fe,Oj 4 6MN0 3 2Fe(NO ;) ) 3 + 3ll',0.~ 

(/>) *NII.,OU + IINO3 - NH,NO a . 

• — — — — 

3. Reaction of carbonate or sulphide with nitric acid — 

( a ) CaGO s + 2 IINO 3 - Ca(N0 3 ), + CO, + H 2 0. 

(/>) RaS + 2HNO3 = Ba(NQ 3 ) 2 + H,S. 

4. Double decomposition of* s^lts'in solution — 

e.g. Ba(NO a ), + CuS0 4 - Cu(N0 8 ) 2 -f BaS0 4 . 

*- r ————— , 

, t 

Sodium Nitrate, NaNO. { (“Chili Saltpetre ” ; 

‘ •* “Cuijic Nitre”). 

fprdttuction. 

The commercial , production of sodium nitrate has been 
dealt with in Chapter I., pp. 1-37, under the heading of “Raw 
Materials for Nitric Acid Manufacture.” 
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Pare Sodium Nitrate. 

Production, r- ChiJi nitjate is rot a convenierft source of 
the pure salt although *it Aiay tje, ^id is, purified by repeated 
fractional crystallisation. One or other of the general methods 
df preparation (p. 361) serves to provide the jjure material 
required only in small quantities for chemical laboratory 
practice. • 

. Sodium Nitrate, NdN0 3 . 

Physical Characteristics. * 

• • # • 

MolecuIar^Vcight . 85-01 • | Melting-point . . .313° 

Specific Gravity . 2.27 at | Crystalline Form . Rhombohcdral 


Sodium Nitrate, NaNO r 

Solubility in Water} 


Grains NaNO, prr 100 Grams. 


Grains NaNO ;1 por 100 Grams. 


Solution. 

Water. 

t 

Solution. 

4 Watpr. 

42-2 . 

. 7 2-9 to 

73-o 

80 

597 • 

148 0 to 148-0 

447 - 

. 808 „ 

80-5 

IOO 

^4-3 ■ 

180-0 „ 175-8 

467 - 

is 

cc 

88 -o 

120 

68-6 . 

2 1 8 -o „ 208-8 

47*6 . 

487 - 

. 910 „ 

• 94‘9 

92-0 

96-2 

l 8 o 

! 

OC 

• 356-7 

50-5 . 

. 102-0 „ 

1049 

220 

»3-5 • 

. 506*0 

52-8 . 

. 1 12-0 „ 

1 140 

225 

91-5 • 

. 1076-0 

54*9 • 

. 122-0 „ 

124-0 1 

313 

1 00-0 . 


— Solubility data in this 

chapter 

are from 

Seidell’s 

Solubilities of Inorganic 


r 

O 
IO 
20 
25 

30 
40 

5° 

6o 

Note.- 

and Organic Substances , 2nd edit., 1920. 


tfses. 

1. As a fertiliser. • • \ 

2. In the manufacture of sulphuric acid. 

3. For the manufacture of nitric acid. # 

4. For the manufacture t)f p # ofassium arftl other nitrates. 

5. In the manufa^tare of low grade gunpowder and certain 

other explosives. • • 

. • • • 

Potassium Nijrate, KNO n (Saltpetre). 

* Sources! j . . 

1. In caliche (to the extent of an average of about 2 percent.) 
mg with sodium nitrate and other salts. • 

1 Mulder; Berkeley, ; see also Difte, 1875; Maumee,* 1864 ; 
Etard, 1894. 
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. 2. In surface accumulations on the soil in certain parts 
of India. « j t 4 

3. By interaction of potassium chloride 4 nd sodium nitrate 

in aqueous solutibn. * t ^ 

4. From so-called “ Nitre Plantations.” a 

« . 

• « r 

» r 

Production. , 

Prom Chili Saltpetre. — The extraction of potassium 
nitrate as such fsom the^ caliche of Chili is not yet carried 
on to*any considerably extent, though during the war: some 
companies paid attention to the 'problem and separated con- 
siderable quantities of potassium ititrate, which normally would 
have been included in the ordinarily recovered nitrate of soda. 

The separation of sodium and potassium nitrates when 
present in solution together depends on the greater solubility 
of sodium nitrate # at low temperatures. 

At 20 0 C., 100 parts of water dissolve 87.5 pt. NaN 0 3 and 31.2 KN 0 3 . 
» o°C., „ „ 72.9 „ 13.3 „ 

» » 60.0 it 3-3 », 

Patents relating to methods of separating potassium nitrate 
from sodium nitrate were taken out over twenty years ago, 
but to-day the bulk of the potassium nitrate present in the 
raw ores of Chili serves only as a potential source of contribu- 
tion to the worlfl’s supplies of that salt. 

During the normal crystallisation process for sodium nitrate 
in Chili, the mother liquor from tl\c # crystallising pans is 
saturated at air temperature with potassium nitrate in a 
solution of tpany other salts. Some potassium nitrate is 
d£posi£bd in the crystallising tanks.owing to surface evapora- 
tion during the cooling process, and is a* usual impurity (to the 
extept of 1 to 10 per cent.) in the commercfal sodium nitrate. 

By transferring the liquor in the, crystallising pans*to other 
pans when the temperature has become loweted to that corre- 
spond^ to the satu ration # point of, the solution \n regard to 
potassium nitrate', & fi^.her,crop of crystals containing about 
20 per cent, of potassium rytrate is obtained. 

High Potash NiTRATE.—This is known as high potash 
(H.P.J nitrate. 1 

, Similar H.P. nitrate ^s obtained by artificial evaporation 
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of the mother liquors from the crystallising pans. The sodium 
chloride content js largely dypositedjin the evaporators,* being 
less soluble in the*hot thahin the cold solution Th? mixed 
crystals obtained on try stall ising the hot lic/uors contain 93 
ta»95 per cent, total nitrates with a 25 to 30 per cent. KNO s 
content. In this process byric acid up t <3 } ’per cent, exists 
as impurity, and there* is a tendency for high sulphate and 
high magnesium contents. • • 

By a process of refrigeration to — io° C. introduced in 1918 
at Offioina Delaware a m*jch purer product is obtained. As 
already indfeated, the solubilfty of potassium nitrate decreases 
much more rapidlythan the Solubility of sodium nitrate, when 
a solution of both salts is cooled. Further, at low temperatures 
theft is no deposition of boric acid, magnesium salts, or 
chloride, though sulphates begin to deposit at — 5 C. 

Typical analyses of nitrates by both processes are as 
follows 1 : — 



li.r. 

Nitrato. 


— . _ 

- - - - - 


By tin* Evaporation 

1 By tin* Refrigeration 


Process. 

Process. 

Moisture, 

3.72 pei cent. 

0*79 per rent. 

Insoluble 

(MO „ 

0-09 

Nad .... 

! O.76 

0.56 

Na,SO, 

Nitiate (by difference) . 

o -44 

0.3$ 

9 P 0 S „ • 

98-21 ,, 

CaO .... 

#.16 „ 

0.04 

MgO ... 

0.44 „ 

0.20 ,, 

KCIO, . •• 

o *55 

% 0*30 

H,BO, . . . 

3 -oo „ 

1 0.17 

KNO, 

28.07 

42.00 „ 

• • 


By the addition of^a small ^quantity of watef to the moth 
liquor before refrigeration, a potassium nitrate content of Cu 
to 85 per *cent.* KNO s rpay be obtained. Crystals of this 
type* on washing in centrifugals with carefully regulated 
quantities of*pure water 'finally analyse 94 5 per cent. KN 0 3 ! 

As under the best conditions, onlj # 30*t6 60 per cent, of 
the potassium content of the caliche is recovered as nitrate, 
there is plenty of opportunity foi* improvements in the processes 
now employed. • • 

1 Holstein,/, lnd, Eng. Chfm* 1920, 12, 290-93. 
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In India.— Potassium nitrate has been produced in India 
from yeryt early times. ^ or long the trade yvas a monopoly 
of the tast India Company, who ^ere. undbr an obligation to 
supply the British Government before Other .consumers. The 
trade has always been subject to extreme fluctuations, the 
trend of political fvfents having a djrect -effect on it. It attained 
its highest values from i860 to 1864, at the time of the 
American Civil Wan, ^or at that period saltpetre was an 
essential constituent of explosives, and India had practically 
a monopoly, of suppl[es. The average annual exports then 
amounted to over 30,000 tons, but the development of the 
South American nitrate industry caused^ the Indian trade 
gradually to decline, and exports had fallen to 13,000 or 14,000 
tons per anrwim in the years immediately preceding the tvar. 
The war period witnessed the usual stimulation of the trade. 

The most irqportant centre of production is the Bihar 
section of the Gangetic plain. Here, an agricultural population 
of over 500 per square mile supplies an abundance of organic 
nitrogen, the climatic conditions are ideal for the growth of 
the so-called “nitrifying bacteria,” the soil around the villages 
Is well-stocked with potash from the 'universal use of wood 
and cow dung for fuel, and the continuous surface desiccation 
following a small rainfall, causes the subsoil water to bring 
to the surface ^an efflorescence of salts in which potassium 
nitrate is conspicuous. % Saltpetre is also extracted in the 
United Provinces and in the Punjab. 1 

Factors in Formation.— A ccording to C. M. Hutchinson, 2 
the factors determining the formation of potassium nitrate 
as a soil constituent are as follows: — 

• • • t 

1. Nitnifiaklc organic matter i,n suitable proportion in the soil. 

2. Lime. • # 

*3. Water, not onVy in sufficient amount for nitrification, 
but also distributed in thd soil in such a way a* not 

* to interfere with aeration, and«to provide the continual* 
capillary, rjse t<| the surface.* 

1 Records of the Geological Survey of Ind»a. Annual Statement of 
the Seaborne Trade of British 'India. Accounts relating to the Seaborne 
Trade flnd Navigation of British India. 

* Bulletin No. 68 of the Agricultural Research Branch. Pusa ; Nature . 
*917, 80, 447, 
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iimate > ensuring §t provision of adequate moisture and 
temperaturq*durina part of the year and* complete, 
or nearly complete, eg of rainfall, coupled with 
loto humidity during a sufficiently long period to 
ensure the capillary rise of subsoil watgr consequent 
on rapid surface evaporation. * # * 

The # supply qf saltpetre is almost* entirely obtained from 
the soil in the immediate neighbourhood of human habitations, 
or of abandoned village sifces, where nitrogenous organic fefuse, 
consisting Targely of excremeiititious matter of men and cattle, 
has accumulated. * * 

CRUDE Nitjrate. — The surface soil, scraped to the depth 
of a quarter of an inch, is mixed with an equal quantity of 
residual earth from previous extractions, and put into a 
circular filter-bed, consisting of a mud wall ayd floor plastered 
with clay, and having a bottom layer of bamboos and straw. 
The earth is trodden down in this filter-bed and then water 
is poured over it. After percolating through the filter-bed the 
liquid is caught in an earthenware vessel. The first runnings 
contain most of the nftrate, mixed with common salt. The 
solution is concentrated in an open pan over a fire of wood 
or dead baihboo leaves, the ashes of which, being rich in 
potash, are added to the extracted earth, which is mixed 
afterwards with freshly gathered soil. # The crude salt obtained 
on crystallising the concentrated liquor is sold, usually through 
a middleman, to the refiner, who works j/nder Government 
supervision. 1 * 

The manufacture is controlled under licences issued by 
the Northern India Salt Revenue Department > aryl the first 
portion of the worl^is dbne by a special caste which carries 
on the operations as an hereditary profession. * 

TJJie crude nitrate earths contain on an average about 3 
•per cent to 5 per cent, of saltpetre. The crude /product of 
the Bihar and United Pft)vinces yields 40 # to 50 per d£ni 

refined saltpetre, the Punjab cructe aljont 30 per cent* 

• 

1 Hutchinson, Nature, 1917, 0 ©, 44 > 4 & * ^ V- 

* The Mineral Industry of the British Emrjire ancWSoreign Countries 
—War Period — Nitrates, Imperial Minerjd Resources ’Bureau, H.M. 
Stationery Office, .1920. ■> ' 
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The following analyses of crude nitre, due to Hooper, 
and tfckeif from Marshall’s 
typical : — # * 

Crude Saltpetre. 


% , 

farukhabad. 

Okara, 





t 


• 

— 

Mo/ailbrport). 

Burhanpura. 


I. 

ill. 

I. 

HI. 


c 


• 

t 





Potassium nitrate . 

66-07 

4 -V 92 

53 -oo 

26.86 

49*36 

68-40 

Calnytn , l# . 


2-60 J 

... 

3-28 

* 2-60 

Magnesium ,, 

2 - 54 * 

4-80 

12-24 

7-44 * 

2-12 

Sodium chloride . 

21-84 

35 - 3 * 

34-22 

34-80 

16-82 * 

17.98 

Sodium sulphate . 

3-65 

10-00 

3 ** 

11-20 , 

14.60 

3-40 

Insoluble 

O-IJO 

1-20 

MO 

1-40 

1.50 

1.70 

Water . 

5*oo 

3 - 7 o 

520 

13 - 5 ° 

7.00 

3.80 

t 

* 

100 -w ; 

100-00 

100-00 

100-00 

100-00 

100-00 


ExpU^ives, are said to be 


Refined Nitrate.— At the refineries the crude saltpetre 
is dissolved in boiling mother liquors from previous operations, 
the water content being such that most of the common salt 
and other impurities remain undissolved, while the potassium 
nitrate forms a saturated solution (tf table of solubilities 
on p. 367). After settling, the hot liquor is run into wooden 
vats where it is allowed to crystallise. • 

The refined saltpetre is in the form of large brown crystals, 
and is sometimes further improved in quality by a process of 
washing with cold water. The following analyses, given by 
Leather and Mukcrji, and taken fron^ Marshall’s Explosives , 
*.how the effect 01 this washing : — 


« V 


Potassium rnxratc 
PAa&rurn sulphate 
Sodium sulphate 
Potassium chloride 
Sodium chloride 
Sand 

This refined or “grough” saltpetre'requires further purifica- 
tion before it can be used for the manufacture of gunpowder 


, Refined Saltpetre. 


A * 

Burhanpura. * 

-'Hr 

, Bayi 

11. 

• 

Bakramau. 

Unwifidiml. 

Washed. 

Unwashed. 

Washed. 

Uu Auh^d. 

Washed. 

90-70 

94.9I 

81-98 

91-55 

88-63 

94-70 



£-44 

0.93 

• 0-15 

0-15 

• 0-91 

4 003 



... 



• ... 

* 2.59 

2-51 

6-o6 j 

2-67 

5-40 

3-12 

7-05 « 

1-68 j 

o-o 7 j 

O-IO 

^0.30 

0.40 

0-20 

% o-35 

••• 
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and other explosives. The purification process is one of 
recrystallising and ^ydkhing^the chief impurity (confin^tf salt) 
being reduced to less thaVi ooc^ j^er ^nt. 

• • 

•• Production of Saltpetre in India . 


1913 

1914 

1915 

1^16 

1917 

1918. 


Quantity 
(Ion;: tuns). 


I4, 4 f.2 

1 8,098 
25.05'* 
21,284 
24.741 


• Value 
t. 


200,803 

•272,402 

373.89k 

007,488 

527,006 

589,190 


• * 

The “Conversion” Process. — The process whereby potassium 
nitrate is produced by the interaction of potassium chloride 
and sodium nitrate in aqueous solution i» known as the 
“ Conversion Process,” and is represented by the equation, 


KCi 4- NaN0 3 - KN0 3 4 NaCl. 


In dilute solution, all four salts would be present together, 
but advantage is taken* in practice of the relative insolubility 
of sodium chloride in hot solutions compared with the other 
salts. By working with a limited supply of water, which is 
insufficient to retain the whole of the sodium chloride in 
solution, precipitation of this salt is effected, with practically 
complete conversion of the* potassium chloride and sodium 
nitrate. The problem ynen becomes the separation of potassium 
nitrato and sodium chloride which arc in hot saturated solutiofT 
together. • 

The relative solubilities of ]*otassium* # nitrate iyid sodium 
chloride in a solution, saturated with both salts is shown in 
the following table, Jigurel for which arg taken from Seidell's 
Solubiliths of Inorganic Substances, 1920 : — * 


• • 

Temperature) in ' C. ! 

| OraniH^per 100 grama Water | 

• K.\y 3 

•» 

1 NaCl# I 

• j 


• 


20 

*37-3 

• 37-73 

30 

49-24 . 


40 • 

64-77 

38-79 

91 

218-8 * 

39-°8 

. 

• 
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The conversion process was developed largely as a result 
of ths large demand for potassium, nitrate during the Crimean 
War. \t became possible qn very large scale as a result 
of the discovery of cheap supplies of potacsium 4 chloride in 
the double qhloride of potassium and magnesium known* &s 
carnallite, one of the Stassfurt .salts.' Mcyerhoffer 1 studied 
the conditions of equilibrium betweei. the reciprocal p^irs of 
salts: KC1, NaN0 3 ahd NaCl, KN0 3 , and the practical details 
of the conversion <were thoroughly worked out. 

PROCEDURE. — Sta.ssfurt potassium chloride, containing not 
less than 80 per cent. KC1, and commercial Chili saltpetre are 
boiled together in correct proportions (a slight excess of sodium 
nitrate being used) with mother liquors frpm a previous 
operation containing insufficient water to retain in solution 
all the sodium chloride produced in the reaction. After 
half an hour’s boiling the liquor is filtered hot. The sodium 
chloride retained in the filters forms a by-product of the 
operation, and is suitably washed free from nitrate (it retains 
about o -8 per cent, nitrate) and then dried. The hot filtrate, 
saturated with potassium nitrate and sodium chloride , 2 is 
run into cooling pans, where it is agifated during crystallisa- 
tion. The mother liquor from the crystallising pans is used 
over again in a subsequent conversion. Such a liquor 
resulting after treatment of 5000 tons of Chili nitrate had the 
composition shown by t,he following table taken from Thorpe’s 
Dictionary of Applied Chemistry f 



• . 

Potassium nitrate 

26-4 per cent. 

Sodiiyn chloride . 

. 17-18 „ 

„ sulphdte . • r • 

, • i-Bi 

Magnesium chloride . * 

• I ; 8-19 

Sodium nitrate . 

1 ■ * 719 H 

„ iodide . 

j • 076 . 


c 

^T*he saltpetre from the crystallising pans, containing 7 to g 
per cent, of sodium chloride ancf 0*5 to 07 per cent, of 

1 Bcr, 1904, 87 , 261 et seg. « 

a According to Readers (Chem.'Zrit. Rep. % 1916, 40 , 305 ; /. Soc. Chem, 
Jnd> } . T 9 1 6, the addition of water ( to the saturated solution of 

potassium nitrate and sodiipu chloride prevents the separation of the 
Matter salt and saves subsequent washing. 
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magnesium chloride, is drained, and then washed with refined 
saltpetre washings un|il the # chloride content is dowfl tot>elow 
2 per cent. It is *theiv refcr^t^llisgd from refined saltpetre 
washwater^and t^e resulting product contains only 0 25 to 075 
p%» cent, of sodium chloride. This saltpetre is # now washed 
with pure water and the refried saltpetre resulting is drained 
and dried. The refined* material contains less than 0005 per 
cent, of^ sodium cjiloride. • • 

The various washwaters used Jn the process, including 
liquors <j obtained in washing nitrate# of soda? bags* are 
evaporated as necessary anfl added to the mother liquors 
from the crystallising pans ready for incorporation with 
subsequent charges of raw materials. There is thus practically 
no l8ss. • 

Nitre Plantations. Nitre plantations” now only serve 
to provide small local supplies of potassium nitrate, though 
previous to the introduction of sodium nitrate and the develop- 
ment of the conversion process, Governments “cultivated” 
nitre plantations for production of the potassium nitrate 
required for gunpowder manufacture. 

When dung and other animal nitrogenous refuse are 
stacked loosely in contact with wood-ashes in the presence 
of air, though protected from the weather, conditions are 
suitable for the production of potassium nitrate. The 
heaps may be periodically drenched with urine over a 
period of a year or] two, t>y the end of which time the 
potassium nitrate can# be washed out ai^d purified by re- 
crystaNisation. 

Nitrifying bacteria bring about tli£ oxidation af tlje 
ammonia, produced in the* defify of the* organic •matter, to 
nitric acid, which, iq iroiUact with the potassium carbonate 
of the wood-ashes, yields potassium nitrate. • 

N^tre * production in India, already rcferred*to, is brought 
about by the same series of reactions. # 

Where lime ashes of old mortar jirq added to The 
decaying heaps, calcium nitVate Is also produced and has 
to be converted durihg lixiviation* by boiling with wood- 
ashes. * # 

The following advertisement, whiefr appeared in the German 
newspapers towards the beginning of the. second year of the* 

* 2ft 
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war, is interesting as indicating a revival of the Government 
“ nitrt plantations ” 1 ^ 

“ The w.omen of Gernjaity are Commanded to save their 
chamber lye, as it is very needfuf to 4 he cSuse of the 
Fatherland iq the manufacture of nitre, one of ifle 
ingredients <of gunpowder. •Wagons, barrels, and tanks 
will be sent to the residences daily to collect and remove 
the same. * * (Signed) von HiNDKNuyRG.” 


Molecular weight 
Specific gravity 
Melting-point . 


Potassium Nityatb, K NO s . 

Physical Chawcteristics, 


IOl-II 

2-087 at 1 S" 
• 3 ^ 342 ° 


Crystalline j 
form . 

* ( 


Orthorhombic below 
• 129 - 5 ° « 

Rhombohedral above 
129 - 5 ° 


Solubility in J Vatcr .” 


Aver auk Curve. 


Average Curve. 


4 “ 

Grants KNo 

ilit-rlOO Grams 

I 

Water. 

Sulntion. 

0 

13*3 

1 1*7 

10 

20*9 

17-3 

20 

31-6 

24-0 

25 

37*3 

27-2 

30 

45*8 

3**4 

40 

63*9 

, 39-o 

50 

85.5 

* 44 *o 

60 

I 1 0-0 

52-0 


1 

drams K N 0 ( 

i per 100 Grams. 

Water. 

Solution. 

70 0 

I 38-0 

58-0 

80 

169-0 

62-8 

90 

202-0 , 

66-9 

too 

246-0 

7 w 

no 

300-0 

75-0 

120 

394-o 

79-8 

125 

493*0 

83-1 


«5 . 

1000 grams H/) dissolve 384*48 grams KN 0 3 at 25° (Armstrong and 
Eyre, 1910-11). 

■ On% litre salurated solution in water contains 2-S mols. = 283-11 grams 
KN 0 3 at 20 s (Koscnhchn and Weihhpber, 1010-11). 


Uses. 

l. For manufacture of gunpowder and other explosives. 
f 2 For manufacture of fireworks. 

3. In the glass industry. v 

4, For pickling meat. 

1 J, huh Eng . Chew., 1919*11, 779. 

2 Muldt. f A.. 3 iae, 1884; Gerardin, 1865; fetard, 1894; Ost, 1878; 
at 31-25°, Kohler, 1897 ; Euler, 1904 ; T'ilden and Shenstone, 1884 ; 
Berkeley, 1904. 
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Ammonium Nitrate, NH 4 N0 3 . 

The introduction 4f amitfonium nitrate in the j^epalation 
of explosives some fqrty year's #ag# led to the patenting of 
many procSsses for the manufacture of this salt, apart from 
tlief generally accepted one of neutralising# nit^fo acid with a 
solution of ammonia in* water. That interest in this matter 
was well kept up is sben by reference to patent literature 
since t)jat time.# It remained, however, for the intensive 
application of ammonium nitrate for explosives during the 
recent ufar to bring about *thq successful*commercial develop- 
ment of processes previously suggested, but not generally 
worked owing, to tTie delicacy of control necessary in the 
operations involved, to the limited demand for ammonium 
nitrate, to the simplicity of the generally accepted method 
of preparation, and to* the availability of nitric arid and 
ammonia for purposes of neutralisation. * 

Now that the technical difficulties of manufacture of 
ammonium nitrate without the use of nitric acid have been 
largely overcome, it is quite likely that efforts will be made 
to find outlets for this # salt, additional to the comparatively 
restricted requirements of the post-war explosives industry. 

Agriculture may come to absorb large quantities for 
fertilising purposes when the non-deliquescent salt, which 
can now be provided, is better known. 

# 

1 • 

^Bfanufacture. 

i. 0y neutralisation of ammonia and nitric acid 
(rt) In aqueous solution. ^ 

NII^OB h\hN(J, =-- NH,NOj. 

( b ) By passing ammonia gas into concentrated nitric 
acid/ • * ^ 

*NH S +»HN0 3 = NH ( NO r . . 

• • 

■ • 

Process {a) is most favoured and wgs .developed largely in 
conjunction with the ^production of dilute nitric acid by 
synthetic processes. The neutralisation is eTforqviJiii runping 
the acid into ammonia liquor in clos^cf iron tanks provided 
with agitating gear and cooling coils. Tl\e resulting liquor, • 
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left slightly alkaline, is filtered, evaporated in vacuum 
evap6r^tdrs, and then crystallised with*, agitation in order to 
prepare fine crystals fre^ frQm^entrained mother liquor. The 
crystals are then dried in hydro-extractors, c t 

Process [{>) consists in passing ammonia gas into strong 
nitric acid in vessels closed except for vapour outlets. The 
heat of the reaction is utilised to effect sufficient evaporation, 
so that on completion *of the neutralisation process the neutral 
ammonium nitrate solqtion is sufficiently concentrated for 
crystallisation. Thist process is subject to appreciable tosses. 

Very pure ammonium nitrate may be obtained direct 
by the above processes. 

2. By the interaction of calcium nitrate w„ith carbonate or 
sulphate oPammonia in aqueous solution. 

(a) (NU,),C() 3 + Ca(N0 3 ), - 2 Nll 4 N() 3 + CaC() 3 . 

(l>) (NH ,)£(), + Ca(N0 3 )_, - 2NH 4 N0 3 + CaS0 4 . 

These reactions are simple instances of double decomposition 
with precipitation of an insoluble salt which is readily removed 
by filtration. The initial purity of, the ammonium nitrate 
produced is largely dependent on the quality of the calcium 
nitrate employed in the conversion. 

3. By the interaction of ammonia, carbon dioxide and 
sodium nitrate solution. 

NaNO s + NH S + H,0 + OX, - N( 1 4 N0 3 + NaHC0 3 . 

4 This is a modification of the well-known ammoipa soda 
process, anc] was first suggested by Gerlach in 1875. The 
'technical difficulties due to^ reversibility of the reaction and 
accumulation of impurities fn th</ rpother liquor have now 
bqen largely overcome. / 

4. By thf interaction of sodjum nitrate and ammonium 

sulphats^or chloride in aqueous solution. » r ‘ 

N ' ' 

(a) (NB 4 ),S 0 4 + 2fNaN0 3 = 2NH 4 N0 3 + Na,S 0 4 . 

(l>) N1I 4 C1 ' V tiaNO, = NH 4 N 0 3 + NaCl. 

0 The < sn^^sful forking of method' No. 4 is covered by 
a number of patents, fQr details of which the reader is referred 
' to patent literature and to'pp- 401-16. 
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Some details of the manufacture as carried out at the 
U.S.A. Government plant t at Perry ville are given ii> two 
articles in the Chemical and ftfctalhirgiaxl Engineering ffr 1919, 1 
and these %rticle$ hata provided matter «for the following 
anenunt of the process. 

The nitrate of soda* use^l was refined op the plant from 
Chilian nitrate. Elimination of pyridene and other coal-tar 
bases and free sulphuric acid from tlfe •ammonium sulphate 
was effected by the addition of soda # ash during the digestion 
of the ammonium sulphate «and sodium nitrate. This socha-ash 
treatment -also served to precipitate any alkaline earth salts 
present in the^refin’id nitrat?. the reaction was effected in 
a series of connected horizontal digesters where ammonium 
sulplfate and sodium nitrate in the ratio of 41^ : 59*3 were 
boiled with hot mother liquors from previous working, with 
thorough agitation by live steam. The reaction was completed 
when, on evaporating some of the liquor to dryness and 
subliming the ammonium salts, no sulphate was found in the 
sublimate. The hot saturated solution was filtered in rotary 
filters, diluted with water under carefully controlled conditions 
in order to prevent precipitation of sodium salts, cooled to 
about 38° C, and then run into crystallising pans in a room 
where the temperature and humidity of the air were controlled 
so as to avoid evaporation of the solution of definite relative 
concentrations, with a view to getting a yield of ammonium 
nitrate of known purity.! When the concentration of ammonium 
nitrate in the liquor wai, sufficiently low, thejiquor was drained 
away ready for evaporation and further use in the digesting* 
process, and the ammonium nitrate crystals were dri^d iy 
hydro-extractors. * * m 

The solubility curvts \p Fig. 131 indicate the respective 
solubilities the reacting 1 salts ki 100 .parts of water, each 
salt copsictered singly. Points (0, 0 b, oc) and (3, $b, y) indicate 
the respective solubilities of ammonium nitrate, sodimrrTiitrate, 
and sodium Sulphate in ico grams of water when present 
together, at the temperatures*indicate<4 in saturated solution. 
Besides the three weH-known anhydrous, hepta-, and deca- 
hydrate phases of sodium sulphate, and the fi\^ eji^ntjotrcphic 
crystalline phases of anfmonium nitrate, the following four 
1 Atton., Chern, and Met Eng . , 1919, 20? 320-6, and Bolling, pp. 401-5. • 
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double salts exist to complicate matters and give impure 
yields: — v- «, •; 

s i. Na5jSOpNr.NO3.HgO.' 

• 2. Na 2 SO., . *(NH 4 ). 2 S0 4 ! 4FLQ. 

( . (NH 4 ) 2 S0 4 .2NH 4 N0 3 . f ' 1 

‘ C ‘ 4 . (NH,)“s0 r 3NH 4 N0 3 . 

It is seen from Fig. t i^i that if the saturated liquor at*97° C. 
were cooled direct to 20° C., the solution "would b( super- 
saturated with respect to^he three salts present and admixture 
of these salts would crystallise. . H 4 

The process cycle shown ifi Fig. iji gives broadly an 

indication of the method used at Perryvillc for effecting 
selective resolution of ammonium nitrate from the saturated 
solution obtained in the digestion. In cooling during the 
filtration process care was taken to keep the temperature 
above 64° C. to avoid precipitation of sodium salts. The 

addition of water at this point served to keep the sodium 

salts in solution during further cooling, and to decrease the 
concentration of ammonium nitrate to such an extent that 
cooling led to the crystallisation of, the desired # rhombic 
modification. The resulting product contained 94 per cent, 
ammonium nitrate and 2 per cent, moisture. 

Crystalline Forms. 

Ammonium nitrate 1 exists pi fivc^ crystalline forms, the 
ranges of stability of which are marked by four well-defined 
•transition temperatures. The following table, by Early and 
Lowry, 1 sho t ws the crystalline form, change of state, and 
tVansKion temperatures for tjiese five crystalline forms known 
as a, f 3 , y, S , and e ammonium tiitratfs 


Form of Suit. 

(Jrystallliifl* 

Ohati# 1 of 

Transition 


Systmn. 

Stato. 

Temperature. 

Liquid . 

f .*“**". 

4 . f ... \ 

. \ Cubic . . J 

« i 

f to liquid . «. 

. 16 (fo° 

‘ 8 . 

i Rhombohcdral or\ 

* tetragonal , . J 

5Uo e . 

• 125*2° 

7 • 

( Rhonlbiv or mono -1 
* \ symmetric . .J 

7 to 5 , 

84*2° 

P • v- 

. Rhombic . ' . 

P to 7 v . 

. 32-1° 

a . 

. Tetra|onal . 

a tc p 

. - l6, - l8' 


/. Chem. So# Trans., 1919 , 116 , 1387, 
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Temperature In ”C. 

* Fig. i3W 
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The ft rhombic modification is obtained in fine needle- 
shaped cr y\ tals and is the form Usually*', met With. It alone 
has the commercial advantage, of not caking into hard masses 
on storing and can be conveniently handled. L 

The y rhpmbic^ modification is a pseudomorph of the «$• 
being formed when the latter is heated above 32°. If ft 
crystals arc heated beyond the ft, y transition point without 
stirring, the y modification preserves the external characferistics 
of the ft. If, however, th$, crystals are stirred during heating 
they bVeak down into*a very fine powder, which on stdring in 
presence of moisture becomes cemented into a hard stone-like 
mass. On this account the y form is not a suitable one for 
commercial purposes. 

The change in form from ft to y is accompanied by an 
expansion of about 3 per cent., the relative densities of the 
two varieties being 1725 and 1 -66. 

The latent heat of the change from y to ft is 5 calories 
per gram. 

The transition at 84-2° is accompanied by a slight con- 
traction in volume and an absorption of heat, the density 
becoming 1*69 and the latent heat being 5-3 calories per gram. 
This latent heat of transition at 84-2° is made use of in filling 
shells with a fused mixture of four parts NH 4 N 0 3 to one part 
T.N.T., the reserve of heat thus available serving to keep the 
mixture sufficiently fiuid^during filling. 

The fourth solid phase, the £ modification, is one to be 
avoided in the production of ammonium nitrate for explosives 
since it sets to a glue-like mass. 

Tfye mcltmg-point of ammonium nitrate, 169-6°, is very 
sensitive to,.th^ influence of traces of lpoisture. 

»» * Drying. h « 

1 t 

In ^^investigation of the caking, dvring drying, of 
ammonium and other nitrates, Lowery and Hcmmings 1 came 
to the following conclusions • — (1) Caking is not caused directly 
by change of state, buf this gives rise-, directly only to dis- 
integration and to liberation of moisture fram the partially dried 
crystals; th^ifnrnediate cause of caking is the cementing 

« 1 /. Soc. Chem. Ind ( Trans.), 1920, 89 , 102-4. 
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effect on the tiny particles of the disintegrated salt of moisture 
released during* the <jhangq«of crystalline form. j • 

(2) Liberation *of enclosed moisture can also be* effected 

by mechdhical ^disintegration, and this «may give rise to 
feking in precisely the same way as the disintegration and 
liberation of moisture? consequent upon ^change of state, 
although the effects are*mruch less pronounced. In the absence 
of moisture, mechanical disintegration «w<§uld probably not give 
rise to caking. « 

(3) °In an edge runner jnill the moistyrc is abloto evaporate 
as fast a^ it is released by 'milling, a fact that is frequently 
made use of # as a ♦convenient method of drying, eg, in the 
manufacture of gunpowder. Under these conditions the effect 
of the released moisture is only slight, and the mechanical 
working does not suffice to produce any serious caking of the salt. 

Evaporation of Solutions.* 

Prideaux and Cavcn 1 come to the following conclusions 
regarding the tendency for ammonium nitrate to decompose 
during evaporation of its aqueous solutions : — 

1. The hydrolysis* of ammonium nitrate which occurs 

when an aqueous solution of this salt is evaporated 
in -an acid-resisting vessel is very small and the loss 
is consequently inappreciable. 

2. There is considerable loss of ammonia when ammonium 

nitrate solution is* evaporafed in contact with iron, 
accompanied] by corrosion of thejron and consequent 
pollution of the residual salt. This is due to inter- 
action between the iron and the hydrolytic nitric 
acid, with concomitant loss of atpmonia. # m * * 

3. The substitution of alufainium for iron as the material 

qf the containing vessej almost entirely obviatej loss 
• of ammonia because of the inertnegs of this metal 
towards nitric acid. 

. 

Ammonium Nltratb, NH^Og, 

Physical Characteristics. 

Molecular weight . *80*05 f Melting-poiht^ • . 169*6“ 

Specific gravity . 1*7* at 15° | Crystal foie form, Rh 3 fnbic(se 8 p. 374) 

1 jl. Soc. Chem. Ind. ( T ra%s.\ *1 9 1 9^88, 353 55 * 
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Solubility in Water } 


U GramB NH4NO3 per 



tp. Gr. 
Solution. 

100 Grams. ' 

caution. Water. 

' Solid Phase. 

L 

0 


5419 

118-3 

NH 4 N 0 3 ' rhomb. j8. 

12-2 

1-2945 • 

, 60.53 

153-4 


20*2 

1-3116 

* 65-80 

192-4 1 


25*0 

I- 3 I 97 

68-17 

214-2 

<* 

30-0 

1-3299 

74 >* 7 b 

241-8 

n , 

NH 4 N 0 3 rhomb. /3 + rhomb, a. 

32*1 

1-3344 

r 71-97 

256-9 

35 -o 

. i- 339 i 

72-64 

265-8 

NH 4 N 0 3 rhomb, a. t 

400 

1-3464 

74^2 

297-0, 

» 

50*0 


77-49 

344 - 0 , 


6 o-o 


8 o-8i 

421-0 

jj 

70*0 


83-32 

499-0 


800 

... h 

85-25 

580-0 


90-0 


8 S-o8 

740-0 

N y 4 N 0 3 rhombohedral ? 

1 00-0 


00 

0 

871-0 



Uses. 

1. For explosives. 

2. For the manufacture of nitrous oxide. 

3. For fireworks. 

4. As a fertiliser. 

5. For the production of low temperatures in laboratory 
practice. Equal parts of finely powdered ammonium nitrate 
and water mixed together cause a temperature lowering from 
+ 1 5° to -io°. 

Calcium Nitrate, Ca(N0 3 ) 2 -4H 2 0. 

* CaTcium nitrate has assumed commercial importance as 
a result of its Manufacture at Nutodd^n in Norway as a means 
of fixing the synthetic nitric acid prjoduedd by the^ Birkeland- 
Eyde process. , • ' 

v , *" Manufacture. 

1. By neutralisation of .dilute nitric acid with limestone 

At Notodden, dilute nitric acid of about 50 per cent. HNO, 
is neutralised by Jitfiestone in 9 a series of< granite tanks, with 

1 Schwarz, Ostwald’s Lehfbuch, , 2nd edition, p. 425 ; Muller and 
Kauftnann, Z. physik . Chew., 1901^902, 42 , 497. 
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final addition of lime, and the neutral solution of ammonium 
nitrate is contentrajed iq*vacuum evaporators either «for the 
production of the £rystalliife'tetrah^drate, or more generally for 
the production *>f a*parti,alfy dehydrated •m’aterial containing 

per cent, of nitrogen. In the latter cjise, a proportion of 
lime is added just before tjie concentratcajkjuor is allowed to 
solidify in order to get a basic nitrate, Ca(N0 3 ) 2 , Ca(OH) 2 , 
which^is not sp hygroscopic. The* product is utilised as a 
fertiliser under the name of “No^ge saltpetre” or “Nitrate 
of Liffie,” its purity bei»g dependent # on the purity *of the 
limestonS used. 

Platou^^ves the following average composition of calcium 
nitrate as manufactured in the Pyrenees, by neutralising nitric 
acid with limestone: — • 


• 

Ca(N0 3 ) a 
Ca( N 0 2 ) 2 
CaO . 

MgO . 
CaCO, 
MgCO j 
Fc a O a . 

ALO, • 

SiO, 

H 2 0 


76* 1 5 j)er cent. 
0-05 „ 

005 

°*3° » 

0*55 v 
o-35 » 

O' 10 „ 

0-40 „ 

0*50 

21-45 » 

10000 


By double decomposition of sodium nitrate and calciflfm 
chloride in aqueous solution, 

2 N.iNO s< * CaCI, •-*Ca(NO J ) j + 2 Nat I* 

• • 

• • • # • 

This method is# only of local interest since it cannot compete 

commercially with method I, which is able to pro<^ucq,sufficient 
calcium nitrate to meet* present trade requirements. • • 
During the war, the method # was used *on the large scale 
for the production ok calcium nitrate* to be used in the manu- 
facture of ammonium nitrate. • • 

1 Chim. et lnd . , 1920, ; J. Soc. Chem . Ind. (Abstr.\ 1920, 

89 , 401. 
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Suggested Methods. 

(a) By dhy absorption of nitrogen oiudes € in quicklime. 
When gases containing oxides of nitrogen, such as are obtained 
in the arc furnace, dre passed over specially prepared quick- 
lime at a temperature of 300 to 400° C., the nitrogen oxides 
are absorbed with fproduction of calcium nitrate and calcium 
nitrite. By continuing the passage ot the gases, however^ the 
nitrite is converted into* nitrate. ' This process, developed by 
Schloessing, has been tried upon a large experimental scale 
at Notddden, *when a titrate of 14-5* per cent, nitrogen was 
obtained and, it is said, generally satisfactory results were 
achieved. 

Oswald 1 states that loss of nitrogen occurs in the interaction 
of lime and rfitrogen peroxide as indicated in the following 
equation : — 

4CaO + ioN(X - 4 Ca(N 0 3 ) 2 + N 

(1 b ) An interesting but not yet commercial method for the 
production of calcium nitrate was outlined by Muntz and Lain6, 2 
who showed the possibility, under prescribed conditions, of 
intensifying the oxidation effect of nitrifying bacteria on dilute 
sojutions of ammonium salts in presence of peat. By using 
very dilute solutions of ammonium sulphate in presence of 
sufficient lime to combine with the nitric acid produced by 
oxidation, and circulating the solutions repeatedly over the 
peat, they were able to obtain solutions containing 22 per cent, 
of calcium nitrate equivalent to a production of 6 5 kg. 
calcium nitrate per cdbic metre of peat in twenty-four hou rs. 

It is interesting to compare this with the yield of an old 
“ nitre pl&nt^tion,” whfch yielded abont^ 5 kg. potassium nitrate 
per cubic metre in two years. 

< f 

Calcium Nitrate, Ca(N 0 3 ) 0 . 4lI 0 O. 

1 1 . t 

— * Physical Characteristics. ' 

Molecular weight ..236-15 Melting-point 43 ° 

Specific gravity . . 1-878 at i8° u (anhydrous) 56 1° 

Crystalline form . . Monoclinic 

1 Anpalen) 1974,61,^32. # 

a Comptes rend ., 1905, 141 , 861-67 ; ibid., 1906, 142 , 430-35 ; J. Soc. Chem. 
/*</., 1905, 24 , 1301 ; ibid 1 , 1906, 26 , f 75 - 
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Solubility in Water} 


Grams Ca(NCfc)2 

\ • 

t° per 100 Grams 
Sat. Sol. 

# sftld Plias^ . 

- 04 

*4 . 

*Ice # * 

• i*4 

478 

» 

- 1.9 

6-53 

*» 

- 3*°5 

10 

• 

» « 

- 4*5 

12-98 

e ? * 

-I57 # 

33-13 . 

» 

-217 

38-7 

• » 

• 

ob 

n 

1 

...* 

* 

-- 267 

43-37 Ca(N0 3 ) 2 . 4 H.f0 

- 10 

47-3; 

„ • 

0 

To 

50- 50. 

51- 97 . 
53-55 

” 

15 

54-94 


20 

56‘39 

„ 

25 

57-98 

„ 

30 

60-41 

„ 

35 

62-88 

„ 


* Eutectic. 


Grams Ca(N0 3 )2 
f“ per 100 Grams 
% Sat. Sol. 

%ol|jl Phase. 

40 

6(+21 

Ca(N0 3 ) 2 . 4 H 2 0 

42-4 

68-68 

»» 

42-4 

6*74, 


42-7 

-t 

>» 

42-45 

71-7 

11 

40 • 

• 70-37 

Ca(N0 3 ),.3H,,0 

V 

7445 

11 

50 « 

73-79 

• V* 

5i 

74-73 

!' 

5'"i 

...f 

„ 

49 

77-49 

Ca(N0 3 ) 2 .2lI 2 0 

5i 

78-05 

>1 

55 

78-16 

• Ca(N0 3 ) a 

80 

78-2 

„ 

100 

78-43 

ii 

125 

78-# 

„ 

147-5 

78-8 

11 

151 

79 

ii 


t Melting-point. 


Solubility of the Ons table Calcium Nitrate Tetraliydrate 



ft in Water i 



Grains (Ja(N(), t Vj 


V 

por 100 Grams 

Sat. Sol. 

Solid Phase. 

0 » 

50-17 , 

a Ca(N 0 3 ) 2 . 4 H 2 0 

22-2 

•56-88 

n 

25 

57-90 

• ” 

30 

60-16 

' „ 

30 

6i-57 

ft Ca(N 0 3 ) 2 . 4 H 2 0 

34 

63-66 

# 

#ii 

35 

63-68 

a C#af NO^j. 4*H 2 0 

3s 

64-34 

ii 

CO 

66-6) 

g Ca(Na 3 ) 2 . 4 ILO 

• 39 

# 67-93 

39-6 (m # pt.) 

69-50 


39 (reflex pt.) • 

75*34 

11 

40 

9 66-22 • 

a Ca(ya,) 2 .4H 2 0 

42-7 (m. pt.) 

• 69-50* t 

• 11 

42-4 (reflex pfc) 

71-70 # 

„ 

25 

. 77^0 

<Xno 3 ) 2 


• 9 • 

1 Basset and Taylor, 1912* • 

s Results supplementary to the abo^e (Taylor and Henderson, 1915). » 
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f 

Uses. 

1. As a fertiliser. i * < 

w i i "i 

2. For the preparation of other nitrates. < 

3. For the manufacture of nitric acid. ' 

Ca(NO^, + H 2 S0 4 - 2 HNO 3 + CaS0 4 . 

4. For firework^. „ 

Bariijm, Nitrate, Ba( f NO ;i ) 2 . 

„ Manufacture. 

1. By solfttion of t the native carbonate, witherfce, in 
nitric acid. 

BaCO., + 2 HNO a - Ba(NO :) ), + CO, + H f ,0. 

2. By solution of the sulphide, prepared by reduction r of 
the native sulphate, barytes, in nitric acid. 

BaS + 2 MNO 3 = Ba(N0 3 ) 3 '+ II,S. 

3. By heating finely powdered barium carbonate or sulphide 
with calcium nitrate solution under pressure. 

BaCO ;i + Ca(NO s )., -- Ba(N 0 3 ), + CaC0 3 . 

4. By double decomposition of sodium nitrate and barium 
chloride in aqueous solution. 

aNaNO a + BaCl,, # :Ua(NO s ) a + NaCl. 

Physical Characteristics. 


Molecular weight 

261-39 

; Melting-point . 

. 595 0 

Specific gravity 


3-24 4 23° 

Crystalline form 

. Cubic (octa- 



, 

* 


hedral) 



Solubility in Water'd 




Uranw lla(N<>Aj 


Gran 

m Ua(NO,>," 


r l»or 100 Grams. 


per 100 Grarm. 

« 1*. # 

Water. 

'‘Hulution 


Water. 

Solution. 

0 

5 *o 

4-8 

• 80 " 

27-0 

21-3 

to 

7-o 

65 

IOC; 

34*2 

25*5 

10 

9*2 

< 3-4 ' 

I2C» 

42-0 

* 29-6 

25 

I0-,« 

0-4 

140 

50-6 

33-3 , 

30 • * 

1 1*6 

io-6 

l6o 

58 l o 

36*7 

l 4b 

14*2 

12-4 

189 

67-0 

. 40-1 

50 

17*1 

14-6 

200 

76-0 

43*2 

60 

20-3 

16-9 

2I 5 

84*5 

45-8 

100 grams 

sat. aqueous solution 

contains 4-74 grams 

Ba(N0 3 ) 2 at o° 

(Coppadoro, 1911,). 






1 Mulder; Gay Lussac ; Etard, Arm. Chim . Phys 1894 ; [VII], 2,528 ; 


Euler, Z. phystk. C/tem., 1904, 49 , 319. 
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Uses. 

I. For fireworks. •. ,• 2. For explosives. 

Strontium WitKatT:, Sr(N.0 3 ) 2 . 

Manufacture. 

1. By solution of the •native carbona^,* strontianite, in 

nitric^ acid. » • 

SrC0 s + 2HN0 3 - §r(N0 3 ), + U 2 0 + CO., 

2. By solution of strontium sulphide, obtained by reduction 

of the flative sulphate, celestine, in nitric acid. • • 

* SrS + 2HN0J- Sr(N() 3 ) 2 + II,S. 

3. By heating finely powdered strontium carbonate or 
sulghide with calcium nitrate solution under pressure. 

SrC0 3 + Ca(N0 3 ), Sr(NC) { ) , + CaCO./ 

4. By double decomposition of sodium nitrate and strontium 
chloride in aqueous solution. 

2 NaN0 3 + SrCl 2 - Sr(N0 3 ) 3 + 2 NaCI. 

fSr(N0 3 )„ from warm solutions. 
\Sr(N0 3 ) 2 -f 4 1 1 2 0 from cold solutions. 

Physical Characteristics , Sr(N0 3 ) 2 . 

Molecular weight . 211*65 
Specific gravity . 2*962 at 4 ' 


Strontium Nitrate] 


Melting-point decomposes at 645 

• > • 
Solubility in Water. 


[Cubic (octahedral). 
Crystalline form* — (with 4 H 2 0 ) 

( monoclinic. 



df of Sat. Sol. 

per 1U0 Crams, H-To. 

0 Solid Phase. 

co 

6 

1*28561 

40*124 

SrfNOjj,. 411^0 

14*71 

1*39380 

60*867 


26*40 

1*48831 

' * 8*652 


29*06 

1-51098. • 

• 87*648 . 


2 9’3 

• 

• ...» • 

+Sr(Nc 4 

30*28 • 

1*51441 

. 88-577 

Sr(NQ 3 ) 2 

» 

3*58 

I*5*408 

88*943 

39*74 

. I- 5 I 282 

• # 90*086 


47-73 

I- 5 II 50 

. 9 I- 446 * 

• *») 

61*34 

1*51048 

*93*856? • • 

n 

68*96 

1-51057 * 

95.576 • 


78*98 

I-5I09I* 

. 97*565 

's„ 

88*94 

I- 5 II 74 

• ^ 100* 1 36 9 

tt 


Berkeley and A**pleby, 1911. 



384 


INDUSTRIAL NITRATES 


Uses. 

I. , For fireworks. 2. For explosives 

Silver ^NiTRAffi, AgNG 3 . 

Preparation. • 

By dissolving s^ver in nitric acid. 

2 Ag l 4HNO3 - 2AgNC 3 + 2NO, + 2 H 2 0 . 

It is obtained thus in the commercial separation of* silver 
and gold by the “parting” process. f 

Copper nitrate is ofttn present as impurity in the silver 
nitrate solution so obtained. The*' copper is removed by 
evaporating to dryness and igniting the mixed residues at 
a temperature sufficient to decompose the copper nitrate but 
not the silver nitrate. The latter may then be dissolved f-om 
its admixture with the insoluble copper oxide. Another way 
of purification is to precipitate the metals as hydroxides in a 
portion of the mixed nitrates solution, and add the precipitated 
hydroxides to the remaining solution. The silver hydroxide 
displaces copper as hydroxide which may then be filtered off. 

The solution of silver nitrate is evaporated and allowed 
to crystallise. 

Physical Characteristics. 

Molecular weight . 169-89 | Crystalline 'l Rhombic below 159 0 

Specific gravity . 4-35 at u/ ! form J Monoclinic above 159° 

Melting-point . . . 2 1 8°* I 

* Decomposes at a red heat. 

Solubility in Water . 1 


- V 

- 5 

Grams AgNOj pej 100 Grama. | 

r 

50 

t G rams AgN (_>3 per 100 Grams. 

Solution. 

48 (EtaLd) 


Water. 

Solution. 

79 (Etard) 

82 

Water. 

455 

0 

’ r 53 

55 " 

122 ; 

60 

81.5 

84 

525 

10 

62 0 

63 

170 

80 

85-5 

87 

669 

20 , 

68 

69 

• 222 

100 

8C-5 

90-5 

952 

25- 

7 o -5 

72 

257 1 ! 

120 

9 i 

95 

1900 

30 

72-5 

75 

300 j 

140 

93-5 

... 

r 

40 

76*5 

79 

376 

1 160 . 

95 ' 

... 

... 


loo grams sat. aq. solution contain 47*1 grams AgN 0 3 at -7*3° 
(^Efutectic) (Middlebeig, 1903). 

100 grams sat. aq. solulioH contain 65*5 grams AgN 0 3 at 15-5° (Greenish 
and Smith, 1903). " 

100 grans sat. aq. sol. contain 73 grams AgN 0 3 at 30° (Schreinemakers 
and de Baat, 1910). 4 


1 Etard, 1894 ; Kremers, 1C54 ; Tilden and Shenstone, 1884. 
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Uses. 

* *. *• 

1. For photographic purposes. 

2. As a chemical reagent. • * % 

• 3- As “lunar caustic” in pharmacy. 

4- For preparation uf marking inks. 

• 

. 

Lk.)d Nitrate, Pb(N0 3 ) r 

Preparation. • 

By clissolying le^d or litharge in nitric acid. 

# J 5 bO + 2 lIN 0 3 r= Pb(N 0 3 ), + H, 0 . 


Physical Characteristics. 

Molecular weight .331-2 | Melting-point . . decomposes 

Specific gravity . . 4.53 at 20’ Crystalline form . cubic 


Solubility in Water . 1 


Uranih jut 100 Gram.s. 


C.iams 1 ’Ij(NO,\i per 100 (iiams. 


t 

W.it^r. 


Solution 


Water. 

' 

* 

Solution. 

0 

36-5 

38-8 

2 7*33 , 

40 

69’ 4 

75 ~ 

41-9 

10 

44-4 

4^-3 

31*6 

5o 

787 

85 

45 

*7 

50 

54 * 

* 34-2 ’ 

60 • 

88 

95 

47-8 

20 

5 2 -3 

5b-5 

• » 35 ' 2 

80 

107-6 

1 *5 

527 

2 5 

56-4 

6o-6 

• 36*9 

100 

1 ~ 7 * 

138-8 

57 *i 

30* 

' *607 

66 

3 « 3*8 

17 

52-76* 


34 '&* 


h ulcr. 


• • 


Density of saturated solution at if - 1405 (Euler). 

100 grams H ,0 dissolve £-8 grams PI^NOJj, at 20° (Le Blanc and 
Noyes, 1 890)5 • f • • 


# • Uses. • # 

1. For explosives. . * • • 

2. For the manufacture of other lead salts. 

3. For fireworks. • • V 

. * • • * • 

1 Mulder; Kremers, 1854;, a* 15 0 , Michel and Kraft, 1854; at 17 0 
Euler, 1904, 
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Copper (Cupric) Nitrate, Cu(N 0 8 ) 2 . 6 H 2 0 . 

Q 0 C 

<■ f Preparation. •< 

By dissolving copper, copper carbonate, or coppef oxide in 


nitric acid 


3 Cu +\ 8 HN 0 3 - 3Cu(NO s )o + 4H,0 + 2NO. 
CuCOJj 2IINO3 - Cu(K 0 3 ), + 2H0O 4 - CO, 
CuO + 2 HN 0 8 - Cu(NO a ), + H, 0 . 

3 II,/) above 24-5° C. 


Goppei* (Cupric) Nitrate, Cu(N 0 3 ), 


611,0 at lower temperature 
to - 20° C. 


r I9H/) below r 20°C. 


Physical Characteristics (Cu(N 0 3 ) 2 . 6 H 2 0 ). 

Molecular weight . . 295-69 I Mcltinj^point . 

Specific gravity . • 2-047 ! Crystalline form 


Solubility in Water } 


V 

Grams Cu(NO+j 
pur 100 Grillin' 

1 solid riiiiKc. 

-23 

Solution. 

36-08 

Cu(NOj) 2 . 9H 2 0 

-20 

40-92 


C * 1 

39*52 

Cu(N0 3 )..6H 2 0 

0 

45 

>1 

+ 10 

48-79 

)> 

18 

53.86 

» 

20 

55-58 

?) - 


Grams Cu(NOA 

t per lftu (jiams. Solid rhase. 

Solution 

36-4 63-39 Cu(N0 ; ,) 2 .6H 2 0 

25 tom Cu(NO,)j.3H,0 

40 6l-5l >> 

60 64 -I 7 . „ 

80 67-5I 5) 

i *4*5 77-59 


Density of solution saturated at 18 1 — i-68i. 

100 grams H 2 G dissdivc 127-4 grams Cu(N 0 3 ) 2 at 20°, d 20 sat. sol.= L-688 
< (kedotieff, 1911-1912). 


Uses. 

1 f 

1. For fireworks. 

2. For explosives. ' ( 

3. As an oxidising agent in calico printing and dyeing. 

^ 1 Iron (Ferric) Nitrate, *F e(N 0 3 ) 3 . 9 H 2 0 . 

Preparation. 

By dissolving scrap iron in nitric acid', 
c * Fe + 6kNG 8 = Fe(N 0 3 ) 3 + :H 2 0 + 3NO.,. 

‘ 1 F^nk, 1900. 
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Physical Characteristics. 

Molecular weight* . 404^2 I Crystalline fMonoclinic < (with 

Specific gravity . .• . . 1.^84 I form . I i2H a OJcubic 

Melting-poifkt . . ? 47-2° * I* \ * 

9 

• • Uses. 

As a mordant in silk Syeing. 

. 

• • * * 

Other Nitrates. . • 

• • • 

Zinc and aluminium niy*ates are used to a slight extent 
in calico priiftjng, afid arc prepared by dissolving the respective 
metals in nitric; acid. 

Basic bismuth nitrate is used in medicine, anti is prepared 
by adding water to the crystalline normal bismuth nitrate 
prepared by dissolving bismuth in nitric acrid. 

Other nitrates, used only in chemical laboratory practice, 
are prepared by general methods (p. 360). 

• Analytical. 

Detection of Nitric Acid and Nitrates. • 

1. The addition of copper to nitric acid in any but very 
dilute solutions, either without or with the application of heat, 
leads to the formation of brown fume.^of nitrogen peroxide. 

2 . If a solution 0/ yidigo is added to nitric acid solution 

tha. indigo is decolourised. ! * 

3. ferrous sulphate solution is turned brown by the addition 

of traces of nitric acid. • * • • 

4. The most minute traces* of nitric acid afe detected by 
the brucine reagent.* If to one cjfop *of a solution of 1 part of 
nitric acid* in 290,000 parts of water* one or two drops of 
a solution of brugine be acfded and then a few (Jro^s ofjconcen- 
trated sulphyric acid, a dfstjnct pink colouration will be observed, 
if the solution is viewed against a # white background. 1 Unless 
excess of sulphuric #cid is present* this colouration is also 
produced with traces of nitrous acid. In c\(jer to detect nitric 
acid apart from nitrous acid? an aqueous solution* to* be tested 

1 Reichardt, Jahresbe^ 1871, p. 893 
* • • 
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r* 

should contain at least two-thirds of its volume of strong 
sulphuric a^id. The brucine can b£ ad^ed either as powder 
or dissolved in pure strong ^sulphuric acid, say i c.c. of a 
solution of 0*2 grain brucine in" ipo c.c. strpng add, for 50 
c.c. of the solution to be tested, of which three-fourths musf 

( v 

consist of strong ^sulphuric acid. (/ If 'as little as T ^- 0 mg. of 
nitric nitrogen be present, a pink colour is produced which 
gradually, or on heating, very quickly passes through orange 
to yellow. 1 , s # 

5. The diphenylampie reaction i§ a very delicate one for 
indicating the presence of minute Iraces of nitric acid. 

The reagent is made by dissolving 05 gram diphenylamine 
in 100 c.c. of pure strong sulphuric acid and adding 20 c.c. 
of water. The heat produced assists in dissolution. ' In 
well-stoppered bottles it keeps for a long time without 
turning brown. The test for nitrates is carried out by pouring 
a few cubic centimetres of the heavier liquid into a test-tube, 
and then adding carefully down the side of the tube the 
lighter liquid, so that the layers only gradually mix. The 
presence of as little as J 0 - mg. of nitrogen as nitrogen acids 
per litre is indicated by a blue ring forming at the surface 
of contact of both liquids, most easily perceived by holding 
the glass sideways against a white background. 

This reaction also occurs with nitrous acid, as also do 
2 and 3 above. 

Nitrates. — The above tests serve for the detection of nitrates 
when concentrated .sulphuric acid is ^used along with the 
, reagent. f 

t Fqr nitraUs, test 2 is usually carried out by mixing a 
solution of 4 ferrous .sulphate with , f h/. solution to be tested 
in a test-tube, and then pouring gently down the side of 
the tube concentrated §ulphuiic acid,so that it form$ a separate 
layer at the bottom of the tube., A brown ring will form 
wher$ the two liquids meet in the presence* of nitrate. 

'Alternatively the nitrate solution may be mixed with twice 
its volume of concen.tr? ted sulphuric acid and cooled. On 
pouring a solution of ferrous sulphate gently on to the surface 
of the acid Hquid^a brown ring forms at the junction of the 
two layers. 

• 1 Lunge, Sulphuric Add and Alkali , Pt. 1, 1, 375. 
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When heated the brown colouration spreads through the 
liquid and th&i disappears. 

• • • 

i Estimation of Nitric Acid and Nitrates. 

• / • 

For the estimation* of nitric acid and njjtrates several well- 

known and proved methods are available, cliief of which are 
the following # . • • 

I. 'file nitrometer method due Jo Lun^e 1 (cf pp. *28, 315). 

It is founded on the reactions : — , • • 

• • 

(a) 2HNJO3 + 2lIg, + 4ll!sO t = 2Hg,SO t + 4H/) + 2SO r( NH 

nitro-sulnhonir acid. 

• • 1 

(/>) 2 S 0 5 NII + Hg„ + II.iSO, -* I Ig,S 0 4 + 2 SO. N Ft , 

* sulphonitionic at id. 

(c) 2SO.NH, = 2H,SO, + 2NO. * 


2. The method of Devarda 2 (cf. pp. 31, 39 iV 

It is founded* on the reduction of nitric acid to ammonia 
in alkaline solution by Dcvarda’s alloy (45 parts aluminium, 
50 copper, 5 zinc), which is very brittle and easily reduced 
to a powder. 

3. The titration method of Bowman and Scott 3 ( cf. p. 245). 
It depends on t(je extent of oxidation brought about in 

a standard ferrous sulphate solution by reduction of nitric 
acid. •, • # 

• 6FeSO l + 2HNO3 + 3R.SO, - 2N0 # +3Fe,(S0 1 ) 3 + 4H,0 
and 4l''eS0.,+ 2HW % +2H,S0 4 - N,® # + Fe^SO.,),* 3 ft,<f 

• » 

The colour produced by the Jibera^ed oxkle of nitjogen 
persists when the whole o[ the nitric acid is Recomposed and 
. indicates the enofr-point of the reaction. * • • 

4. Colorimetric estimation by t\i e brucine method. 

5. Knecht 4 introduced »a rapid # mdthod for estimating 

* # 

1 Lunge, Sulphuric Acid and* Alkali, voI.^Supp., p. 63. 

2 Z. anal. Chern ., 1894, p. 113. , * 
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nitrates depending on the reducing action of titanous hydroxide, 
using titanops sulphate or chloride (fcee p.^44). * 

Ti 2 (S 0 4 V, + CNaOH - Ti^(OH) 0 + 3 Na 2 S 0 4 . t 
Ti 2 (OII), + 2 H 2 0 = 2Ti(OII) 4 + Ho/ 

1 “ 

Note. — For fiSrther particulars 'in regard to analysis, the 
reader is referred to Lunge-Keane’s' Technical Methods of 
Chemical Analysis , under — ' f 

• Nitric Acid. f , Nitre (KN 0 3 ). « 

Mixed Acids. # Calcium Nitrate. 

Chili Saltpetre (NaNO ;{ ). Nitrates. 

Notes on Methods of Estimation— («) THE NITROMETER 
METHOD.— Hill 1 considers the nitrometer method incapable 
of a high degree of accuracy. 

Beckett 2 shows that the nitrometer method of estimating 
nitrogen in nitro-cellulose invariably yields low results. 

The interval of time which is allowed to elapse between 
the introduction of the nitrate and sulphuric acid into the 
nitrometer and the shaking has a great influence on the 
results in the case of nitro-cellulose; with inorganic nitrates 
the effect is less. 

The most trustworthy results are obtained by using 1 5 c.c. 
of 92-5 to 94*0 per cent. f II 3 SO t , and allowing fifteen minutes 
to elapse between the introductidSi of the nitro-cellulose and 
shaking. In this ca&e the error amountsrto about 07 per cent. 

* oCthe nitrogen present. 

, In, a t private communication J. S. Hill, outlines a number 
of errors inherent iiv the nitroipeter* riiethod which in careful 
working amount to about —04 pep ceftt There are errors 
due •to ( a ) sidii reactions leading'' to production of N 2 0 , 
N 2 and S 0 2 , (^impurities in the reagents or'in the substance 
analysed, (^solubility of NO in sulphuric acfd. In addition, 
errors of observation in careful Working, with* calibrated 
nitrometer (sulphuric acid should be used for calibration), and 
, making all necessar* barometric corrections, may amount to 
hFo* 3 ( per-cent. frill, concludes, “I have no hesitation in 
1 Analyst , 1918, 48 , 215-16. 

' 2 / Cheat, Soc. Trans., 1920, 117 , 220-5. 
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recommending Devarda’s method in preference to the nitro- 
meter method* It i£ ver>; # simple and makes fewer calls for 
skill on the part erf the operator. t The nitrometef method is 
difficult atid requires* a large amount of Ikfll. It is subject 
a constant error, and the errors of observation are at least 
as great as those of Dctarda’s method.” • * 

Senders 1 investigated the effect of chlorides on the 
nitrometer determination of uitrates, an«l states that chlorides 
may be present up tq 15 per cent, NaCI* without objection- 
able iitterference with th(^ nitrate deterrgina’tion. • • 

( b ) THE Dk VARDA MetIiod. — Pilz 2 compares estimations 
of nitrates by various methods, and considers that reduction 
with Devarda’s alloy gives the most trustworthy results. 

Erlich 3 describes an apparatus for Devarda’s method. 

Butt 4 recommend# the Devarda method, coupled with the 
use of a special scrubber bulb designed by # Davisson/* 

Platou 0 considers the Devarda method the most trust- 
worthy method for nitrate estimation in calcium nitrate. 

, Statistics. 


Market Prices. 

Pre- J V ar M arket Prices of Nitrates. ( / 1 verage 1 9 1 1 - 1 3 . ) 


• * 

# I’rirf, p 

■r Ton 

Nitrato. • 


— 

• • 

As Nitrate. 

As Nitrogen. 


• 



£ s. n. 

£ s. D. 

Ammonium nitrate 

35.15 0 

•102 2 IO # 

Potassium nitrate . V # . # . 

2 \ l \ 0 

.179 if 8 

Sodium nitrate (95 yer cent.) . • . 

IO 13 9 

t (m 10 2 

Calcium nitrate .• 

. 9 15 0 

7M 5 , 

■ • - 

1 

-- 

• 

— -- --• 


• • 

1 ff. Ind. Eng. C/tem 1920, * 12 , 169-70. « • 

2 Zeitschr. f %ndw. Yersuchswesen , Deutsche s terry P919, *23* 180-8; 

J , Ckem, Sot. Abstr.y 1920; pi], 118 , 1,24. ( * 

3 Ann. Chim. anal ., 1920, 2, • 143-4 > /. Cheifl. Soc. Abstr.y 1920; [II], 

118 , 504. , . § 

4 J . Ind. Eng. Chetjt.y 1920, 12, 352-4 ; J. ChcJ^ Soc. Abstr.y 1920; [II], • 

118, 386. , • • • * . 

6 Ibid., 1919, 11, 465-6 ; J. fiem. Soc. Abstr., 1919 ; [II], 110, 296. 

*£kim. et. Ind.y 1920, 8, 310-12 ; /. fyc. them . Ind. ( Abstr.\ 1920,88, 491. 

• • 
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Imports, Exports, Consumption* 


Annual 'Imports, Exports, qpid ^Consumption' of Nitrates in the 
United Kingdom— Pre-War Period, ( Average 1911-13.) 


^ r Nitrate. * 

Tons. 

L 

Totals. 

Ammonium Nth ate— u « 



Imports. ...... 

Potass iu -n /Vttra(e — 

1,072 

( 1,072 

1 

Imports . . 1 . . 

11,306 


Home production . . . ^ . 

Exports — 

4,819 

16,125 

(1) As potassium nitrate .... 

2,273 


(2) As explosives (less impoits) 

• 

3 , * 3 * 

6, hi 

Balance (excess of imports and production over exports) 

Balance accounted for — 

(1) Manufacture of explosives for mines and 


10,014 

, . quarries 

7,215 


f2) Manilla^*;'* of munitions of war 

237 


(3) Manufacture of lireworks 

(4) Balance for rockets and flaies exported, meat 

88 


curing, glass industry, etc. . . ' . 

^Sodium iVitiate (expressed as (>5 |>et cent.) 

2,474 

10,014 

Imports . . . , 

1 30,997 

1 30,997 

Kxpoits — 



(1) As sodium nitrate .... 

(2) As explosives (less impo» s) T 

J 0,999 


* 7,648 

18,647 

Balance (excess of imports over expoits) 


II 2 , 3 $f 

Balance accounted for — 



• (?) A^ricultuie ... 

75,000 


(2) Manufccti^.e of sulnhuric acid • f l ( 

18,144 


j (3) Manufacture of nitric acid . „. 

4,072 


(,^) Manufacture of potassium nitrate .' .< 

4,264 


(9) Manufacture of explosives luted in mitrs and 


quarries ..... 

- 4,041 

< 

(6) Manufacturfi of munitions of war 0 , 

. 4 , 34 i 

r. 

(7,) Cinaccdunted for . . . . 

t ^ 

Calcium A r t/t ate — , * 

2,488 
— r~ 

113,350 

Imports (used in agriculture,) t ' . 

3,600 

3,600 


1 ; * 

? hrom the Final Report, Nitrogen Products Committee, 


II. M. Stationery Office, IQIQ. 
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. PATENTS 

• Manufacture of Potassium Nitrate.* * 

Soc. “Le Nitrogene ” % (Fr. J \ 400958,^18111 Maxell 1^09)# Eor 
the separation of the mixluA of.aitrate and* nitritr/ farmed by the 
absorption of oxides vf niUogen, from jnixtures of these with air, 
by milk of 4 ime, the neutral solutiofi is treated wfth potassium and 
sodiui^ sulphates dr carbonate, in such quantities that the potassium 
•salt is equivalent \o the pitrate and the sodium salt *to tlfe ;iitrite 
present; aft^: separation ofr the precipitated calcium sulphate or 
carbonate, the potassium nitrate- and sodii^m^ mtrite are obtained from 
the solution by successive crystallisations, Th^ potassium and sodium 
salts may also be added before absorption of Hie oxides # of nitrogen 
by the lime; or, the same -end may be reached by 'using for the 
absorption a mixture of sodium and po&ssium hydroxides, or such 
'• . 1 * 
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of their salts as are decomposed by nitrous and nitric acids, in the 
proportion in which nitrite and nitrate respectively ^re subsequently 
produced, f, ‘ ' 

Freeth and Cockspdge (B.<P. 124513, 25th February 191-6). Crude 
sodium nitrate containing potassium salts is digested with sufficient 
water or liqvor, frorma previous extraction, to dissolve the potassium 
salts and to yield a solution saturated or nearly saturated with the 
potassium salts. The temperature of digestion should be ar high 
as practicable. The solution is separated from the .undiysolve^I sodium 
nitrate ajt the temperature of digestion, and, if, saturated with potassium 
salts, it' is diluted with sufficient water tp keep the sodium nitrate in 
solution at the temperature to which the solution is to De cooled; 
it is then cooled to the desired temperature, *■ when pure potassium 
nitrate crystallises out. If the solution is not saturated with potassium 
salts, it is concentrated until it is saturated at a high temperature, 
e.g., ioo° C., and after removal of any sodiuip nitrate which crystallises 
out, it is treated as before. 

Bailey, Denny/ and Jeffries (B. P. 124960, 5th June 1918). 
Potassium nitrate is separated from crude sodium nitrate by leaching 
containing both nitrates of a determined composition, 
cooling the soiiuvjn to separate mixed nitrates, dissolving out the 
sodium nitrate together with some potassium nitrate from the mixed 
nitrates, and using the mother liquor and the liquor produced in 
the second operation to treat more crude nitrate. The sodium nitrate 
left after the first operation and the potassium nitrate obtained by 
the washing of the deposited nitrates are washed with saturated solution 
of sodium and potassium nitrates respectkely. Any perchlorate 
present is decomposed by fusing the lYltrate. 

Detwiller (U.S. P., 12 74 145, 30th July 18). Powdered alunite 
f is' agitated with boiliVig nitric acid, residual Si 0 2 is separated * by 
filtration, ammopia, caustic potash, or other alkali is added to the 
filtrate wlJi constant agitation, and the 'precipitated alumina thus 
formed is recovered by filtration. The second filtrate is treated with 
powdered BaCO a with ajjitatiom.and boiling, and precipitated BaS 0 4 
is recovered by filtration. The filtrate obtained from this step is 
treated )vith HN 0 3 and the KNO s formed is cryrtallised. € 

Given and Barteaux (U.S. P. 12947,88, 18th February 1919). A 
solution containing nitrates of both sodium and potassium is evaporated 
in vacuo at a temperature df about 80 to 95 0 f. until some NaN 0 8 
t separated, and the K,N 0 2 is then separated from the concentrated 
solution remaining. « 

Fairbrother (B. P. 1357 13, 20th February 1919). Potassium is 
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recovered as nitrate from the waste gases of cement kilns and the 
like by bringing^the g^ses into intimate contact with a solution of 
a metal nitrate, preferably Najl 0 3 . The K- 2 0 and C 0 2 Jn th% gases 
interact witfi the Na& 0 § to form KNCbj and Na 2 f 0 3 , nytirosilicates 
Jieing also produced from the silicates present* in the gases, lire 
hyflrosilicates are rendered insoluble by heating the jolqtion, leaving 
the KN 0 3 and Na 2 C 0 3 to* be ^parated by crystallisation. A suitable 
construction is specified. • * 

Fairljothei (B 4 P. 135720, *24th February 1919). Hot gases 
from a cement kiln are # passed through two to\^?rs in series^through 
which Water or an aqueous solution of sodium, potassium, «or alu- 
minium silicates is also ciroulateti by a pump and spray nozzles. The 
cement dust and about 50 pA cent, of the potassium oxide are 
extracted, and the gas is then passed through a conduit centrifugal 
fan%nd two additional towers in series, through which sulphuric, 
hydrochloric, boric, or nitric acid is circulated. The potassium is 
extracted as a substantially pure salt from the liquor in the store tank. 
The slurry from the first pair of towers is collected from the tank 
and treated for the recovery of the potassium compounds. 

Blumenberg (U.S. 1 \ 1296460,4th March 1919). Ciasey^^yij^ 
potassium compounds and cement dust in susp*f!SiSnare passed 
through a solution of* a metallic nitrate, e.g., sodium nitrate, the solution 
being afterwards evaporated to dryness to render the silicates insoluble. 
Potassium nitrate is then extracted from the product with water. • 

Blumenberg (U.S. P. 1297640, 18th March 1919). In obtaining 
KN 0 3 fr° m refractory silicate materials such as feldspar, cement 
dust, phonolite tailipgs* lepidolite, or similar substances, the material 
is calcined (at about 815' C. in the case of feldspar), preferably dropped 
into water while hot t0 B facilitate disintegration, ground to 100 to 
200 m^h, and then heated with NaN 0 3 (to#about 335° C. in t he 
treatment of feldspar) to effect double decomposition. # KN 0 8 may. be 
thus obtained in an amfcunj* equal to 65*1*1 80 per ce*t. 5 f (he 
theoretical yield. Extraction of tile KNO,, is* prefeAbfy effected by 
boiling the reaction products* with waiter *under 4 to 5 atmospheres' 
pressure. • the excess of $i 0 2 and Al 2 (f 3 present remain &s an 
# insoluble residue. t The reaction with NaN(* 3 usflally rcqyires six 
to eight houjs for its ccfrnyletion and is facilitated by use t>f, an 
excess of NaN 0 3 . • • 

Freeth (U.S. P. 1300947, 15th April tyry). Potassium nitrate is 
extracted from crude ^sodium nitryte fti hot % ^queous solution, the 
solution is separated from undissolved spdium nitjatc^ aqd the 
composition of the solution 10 adjusted^ by dilution that on cooling 
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to a temperature which may be about 20° C., it will deposit a 
considerable amount of potassium nitrate without depositing sodium 
nitrate* apd ^he solution is then cooled to effect this separation. 

x E. Hene and A.^van Hakren r (Ger. P. 3/52002, 14th April 1920). 
Crude calcium cyanamide, potassium shlphate, nifric acid, and wate$ 
are stirred together *it a temperature # below ioo & C., preferably ^5° 
to 35 0 C., and the 'liquor filtered. ** 

Badische Anilin- und Soda-Fabrik (Gck P. 306334, nth .March 
1916). Ammonium niftatte and potassium chloride a*e dissolved in 
hot wat^r; potassium nitrate crystallises on cooling, and a mixed 
salt, suitable for use as f a fertiliser, is .separated from the 41, mother 
liquor either by evaporation to dryness or^by fractional crystallisation. 
If the potassium chloride employed contains much sodium chloride, 
the quantity of water is so adjusted that the greater part of the 
sodium chloride remains undissolved in the hot solution. 1 

Badische Anilin- und Soda-Fabrik (Ger. 1\ 307112, 18th April 
1916, addition 10^306334). The solution, after separating most of 
the potassium nitrate, is concentrated slightly, moderately cooled to 
deposit ammonium chloride, and filtered. To render the process 
rnilt,,lln "f l^gited quantities of potassium chloride, ammonium 
nitrate, and wafih**arc added to the residual liquor, and the latter 
is again subjected to the process. For example, to 72 parts of a 
solution containing 16 parts each of potassium nitrate and ammonium 
chloride and 40 parts of water, there are added 28 parts of water, 

8 parts of ammonium nitrate, and 7.5 parts of potassium chloride. 
After dissolving the added salts by heating to 30° to 40° C., potassium 
nitrate is separated by cooling to o°C., then 17 to 28 parts of water 
is evaporated from the mother liquor,' •'and the residual solution cooled 
to 20" C., whereupon pjire ammonium chloride' separates. 

** Badische Anilin- uftd Soda-Fabrik (Ger. P. 310601, 8th November 
i9 20 v addition to 306334). By cooling a hot solution of 98.5 per 
cent, amrt/onium nitrate? 204 parts; 98.7-pdr cent, potassium chloride, 
206 parts; ana water, 425 parts, to 2 0 165 parts of 99 per 

cent/ potassium .-nitrate is* recovered. On evaporating the mother 
liquor a mixture is obtained which contains aboat 36 per cent, of 
potassium nitrate, 55 j9er cent, of ammonium chloride, 8 per Jent. of. 
potassium chloride, and 1 per cent, of sodium chloride, and which 
has good keeping properties in a moist atmosphere. 

Coe and Dorr Co. (U.S. P. 1292580, 1st January 1919). Crude 
material containing njffe is treated at about 50 to 70° C. in a solution 
which ( is saturated when cold both tfitfy nitre and with the soluble 
impurities (chiefly NaCl). The solution dissolves more nitrate but 
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very little njore sodium chloride. On cooling, impure nitre separates. 
This is then digested at ioo^to 120C. with a solution which, when 
cool or moderately war*1, is saturated with both nitre ar^d ynpurities, 
whereby th$ nitre is dissolved but* not* the impurities, and some^of 
Jhe impurities alr&idy in solution are precipitated. On cooling the 
resfoltant solution commercially pure nitrate sepaibtes. # • 

♦ • . 

. •• 

• Manufacture of Ammonium Nitrate. 

, • • 

Fairly 1 discuses the. processes proposed and patented for the 
production of ammoniunf nitrate for explosives purposes. 

“Generally it (ammoniuifi nitrate) has ifeen made by neutralising 
nitric acid by^ means of ammenia, and usually the liquid acid is 
saturated with ‘ammonia gas, but in Hake’s patent (B. 1\ 11731, 
14^ August 1 838) both the constituents are mixed in the state of 
vapour. Very fine salts may be obtained by such ^processes, but 
more costly than if thO salt could be obtained by the double 
decomposition of the cheapest nitrate— sodium nkrate. 

“ Little difficulty has been found in carrying out the manufacture 
of the corresponding , potassium salt by the reaction of KC1, 
or KOH on sodium nitrate. ^ • r ^ 

“The very greaf solubility of ammonium nitrate in water has, 
however, hitherto proved*a difficulty in its manufacture by similar 
means, especially as the presence of 1 or 2 per cent, of fixe$j 
impurity renders the salt unfit for a “safety” explosive. 

“The development of the ammonia soda process suggested its 
application to sodium nitrate instead of sodium chloride. 

NH 3 .H,0.*C0., + NuNO, = Natl CO, + NH,N(>.,. 

*. * . 

•“In, 1875 Gerlach 2 patented processes basfcd on tlfis reaction 4n 
England and in Germany, having special reference to # lhe purification 
of gas liquor. Lesage £id # 'Co. in 187 f tond Chancef in tffis 
country in 1885, also tpok out patents for the application of the 
ammonia soda process* to sodium nitratd ^B. P. 5919, May 1685). 

“ Othei processes depending on the solubility of ammonium nitrate 
in alcilhol, and thg use of tins solvent to extract flie # salt fjom the 
products of dquble decomposition have been proposed by : — * • 

1889, Roth (B. P. 1885, Ger. P. 48^05 ) ; 1889, Wahlenburg (*B. P. 

12451); 1892, Groendahl and Landin*(B. P. 1868). 

• • % 

1 J. Soc. Chem. InU., 1897, lp, 21*1-13. * , 

2 Dingl. polyt. /., 228, 82-90^; /. Chem. So?., 1877, 82, 236-86. 

3 J. Soc. Chem. Ind., f 886*6, 325. • 
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“ In these processes the ammonium salts (generally sulphate) are 
treated with sodium nitrate in various Jvays a#d the products 
extracted with alcohol.” ' '* 

V Fairley proceeds ,to show "-that' the ammonium nitrate produced by 
any of the above methods contains about io per cent, of sodiuip 
nitrate, and "patents tn improved method (B. 1 \ 1668, 23rd January 
1896) in which I\e*» washes the crude ammonium nitrate with pure 
ammonium nitrate solution and gets a prcduct containing only 1 per 
cent, of impurity. - * w 

E. Naumann (Gcr. 1\ 16A746) promotes the old reaction between 
ammortium sulphate ana 1 sodium nitrate by separating the- sodium 
sulphate formed from the mother liquor ‘while still hot; the solution 
is then cooled to the point where only a double* sulphate of ammonium 
and sodium crystallises out, and the mother liquor, on concentration 
and cooling, yields solid, nearly pure, ammonium nitrate. 

Garroway (B. 1 \ 7066, 18th March 1 §97). Sodium nitrate or 
potassium nitrate, t mixed with silica in the form of sand or ground 
flints, is passed through a valved hopper into a muffle furnace, heated 
externally, to which superheated steam is admitted. The mixture is 
* by arms and discs attached to a revolving shaft for 

delivery at the opposite end of the furnace, so a§ to make the process 
continuous. The nitric acid vapours evolved are taken, first to a 
condenser in which a portion of the acid collects, and then through 
£ series of towers, fitted with baffle plates, to the first of which 
ammonia gas is admitted. The residual vapours are passed through 
a tower, where any excess of ammonia is neutralised by a sulphuric 
acid spray. The ammoniui\i nitrate solution formed in the condensing 
towers is drawn off, and concentrated in enamelled cast-iron pans, 
to obtain the solid s^lt. The alkali silicate formed may be either 
utilised as such, or it hiay be treated in solution with lime to obtain 
c^nsfic soda or* potash, and a residue of calcium silicate, available in 
the manufacture of cement, etc. .Refer to B. 1 \ 2489 of 1896. 

Garroway (B. P. 22395, 3°th September 1897). A constant stream 
of ivytric acid is produce^ by heating a mixture of silica c and sodium 
nitrate in a suitable furnace, in a current of superheated steam as 
described in^B. ‘Ps. 2^489 of 1896 and 7066 of 01897. The 4 residue, 
of sodium silicate may be used as such, or it may be treated with 
limetoater to obtain caustic soda in solution, and a residue of silicate 
of lime available as a cement. The nitric £cid is led, as produced, 
into earthenware pipes or stone * towers, in which it is brought into 
contact wifh Scrap lead or litharge. Thp .lead nitrate solution formed, 
after neutralisation with ammonia, is* treated under pressure with 
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ammonia and carbonic acid, or with ammonium carbonate, to obtain 
lead carbonate and* aminoniqm nitrate. The ammonium carbonate 
for effecting the pr^ctpitatiop .may be obtained by fJe<*)mposing 
ammoniumasulphate with bariunfcaPboiftte, which process is induced, 
ifi the claims. • 

*Kynaston (B. P. 10137, 43th May 1899). *\Vhe* if solution of 
sodium nitrate and strontium cnloride, in which *ly* salts are present 
in eqiivalent quantities, \% boiled down, a large proportion of the 
sodium ^parates a$ sodium chloride, white The equivalent quantity 
of strontium nitrate remains in solution and ij* this solution, while 
still hot, be drawn off, it yi$lds # on cooling crude stitmtium* nitrate 
containing *from 85 to 90 plbr cgnt. Sr(N 0 3 ) 2 and 10 to 15 per cent, 
of other salts irj admixture. 

Further purification is effected by recrystallisation. To a solution 
of tfie pure strontium nitrate thus obtained, a solution #of ammonium 
sulphate is now added &u as to exactly precipitate the strontium 
present, with the consequent production of a soligion of ammonium 
nitrate, which is drawn off, concentrated, and allowed to crystallise. 
The deposited strontium sulphate is converted by means of sodium 
carbonate into strontium carbonate, which in its tury vbsstfiVgfr 
in hydrochloric acid, yielding strontium chloride^nce more for the 
first operation. The solujion of sodium sulphate is concentrated by 
evaporation, and yields, on cooling, crystals of Glauber’s salt. 

Garroway (B. P. 10137, of 1899) first obtains strontium nitrate 
from sodium nitrate and strontium chloride (most of the NaCl 
separating out on cooling), and after purifying it by recrystallisation, 
adds the exactly cquitftilent quantity of gimmonium sulphate. The 
latter is thus converted into nitrate and remains in solution. All the 
strontium is precipitated "a* sulphate, which is coinverted into carbonate 
by mea»s of sodium carbonate, and from the SiC 0 3 the SiCJ 2 is 
again prepared by means of hydrochloric acid Carez^Gcr. P. 4%if£) 
proceeds in the same way with*bariut» chloride.# f % 

Ostwald (B. Ps. 698 *and ,8300, of 190^2; 7909, of 1908; U.S. P. 
858904), witb the co-operation of Bnfuer, fqpnd as best catalysor for 
the oxidatien of ammonia platgium foil, covered witl^ platinum black, 
.which Allows of utilising gaseous mixtures containing bu 4 a snftill P er * 
centage of ammonia. Gas-fiqvor, putrefied sewage, etc., are mixed tfith 
a sufficient quantity of caustic lime or seda^and*tre^ted with air on the 
counter-current principle* There must Ije at lgast 7O for 2NH 8 , to 
produce 2N0 2 +3H 2 0.* The gaseoas current must have a certain 
rate of speed, and the contact mass a temp^ature pvef 300V The 
nitric acid formed is obtainetf as ammunium nitrate. Ostwald's 
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process has been carried out on a large scale by the Gewerkschaft 
Lothripgen at the Mont Cenis coal-pit. t ° « 

Naumanif (Fr. P. 339733, 20th • January* 1,904). A mixture of 
solutions of sodium pitrate arid oV afnmonium sulphate is«boiled, and 
the sodium sulphate which salts out is' removed. At a certain stage 
of the process the solution is cooled sufficiently to become saturated 
with ammonium rvittate ; a double salt containing ammonium sulphate 
then separates, and the mother liquor, aftdr concentration if desired, 
is rapidly cfjoled in a prescribed' manner, not subject to externa) 
disturbance, to obtafn a deposition of ammenium nitrate, which may 
be refined. * ( « 

J. Rudeloff (Ger. P. 166427, 4th September 1904). In the denitra- 
tion of the spent acid from the nitration of glycerine' cellulose, etc., 
the mixed acid is heated in a suitable vessel, and the nitric acid 
vapours are expelled by steam or hot air. It is found that these 
vapours may be suitably utilised for the manufacture of ammonium 
nitrate. The hot c-vapours are treated with ammonia solution, and 
the resulting solution of ammonium nitrate is concentrated in pans 
heated by the residual sulphuric acid from the denitrating apparatus. 

" flieTmilTWftawijhtrate is then separated by crystallisation. 

Wedekind unci" Co., G.m.b.H. (Fr. P. 369389, 31st August 
1906; B. P. 19465, 31st August 1906); Caspari and Nydegger 
and Wedekind und Co. (U.S. P. 864513, 27th August 1907). 
An aqueous solution containing ammonium sulphate and an excess 
of sodium nitrate is evaporated until it has become saturated with 
ammonium nitrate at a temperature of 50° C. or over. Most of the 
sodium sulphate crystalliscr out during the evaporation, together with 
some sodium nitrate. The solution is cooled until the separation 
of ammonium nitrate ‘commences (the soliKion becomes turbid), and 
then sufficient water " is added to the mother liquor to Met the 
arnfmoniiyn nitlate crystallise out free frqm sodium salts, when the 
liquid cools to the ordvnary temperature! 

According to the German patent of thh, Norsk Hydro-Elektrisk 
Kvaelstofaktieselskab, No. 206949, of^ 1907, ammonium nitrate is 
obtained, together wi{h calcium nitrate, by absorbing nitrbus^vapours 
by calcium *Cyanamide, the reaction taking ptoce quite smoothly 
according to this equation:— r f 

CaCR, + 2 1 CO + 4 H N 0 3 = Ca(N 0 ,) 3 + C 0 2 + 2 NH 4 . N 0 3> 

Dyes (B V P. 15^91,^1908) adds, to a solOtion of calcium nitrate 
a solution of ammonium sulphate, so that calcium sulphate is pre- 
, cipitated. r , 
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Nydegger and Wed^ciad und Co. (B. P. 20907, 13th September 
1909; U.S. P. ^86204, }th March 1911). The double decomposition 
of ammonium sulphite and ^commercial calcium (or Strontium or 
barium) nifrate, containing magnesium compoui^dsj is effected in Jifie ' 
presence of an excess of the latter salt, preferably 1 to 10 per cent, 
above the theoretical quantity^ ammonium *nifrate, free from mag- 
nesium, is thus obtained ^)y concentrating th£ .solution, and the 
mothefr liquor, containing \he magnesium and excess of calcium salt 
is added io freSh solutions pf the decomposed salts before evaporation, 
until it becomes necessary to remove «the accumulated magnesium 
salts; thisjs done by adding sufficient ammftnium sulphate to convert 
the soluble calcium and magnesium salts into sulphates and leave an 
excess preferably 1 to 10 per cent, (of the ammonium nitrate present) ; 
the # alkaline-eartl] sulphate and magnesium sulphate, or its double 
salt with ammonium sulphate, are thus in large measure precipitated, 
and after adding a fresh»excess of alkaline-earth nitrate, the solution 
is returned to the concentrating vessel. • 

Plantz (Ger. P. appl. P30765) gives directions for obtaining pure 
ammonium nitrate from crude calcium nitrate (“ Norgesalpeter”). 

Norsk Hydro- Elektrisk Kvaelstofaktieselskab (Fr. IV 40850?)^ 
2nd November 1939). Solutions of calcium nlfrate and ammonia 
are mixed, in any desired proportion, and the mixture is treated 
with carbonic acid ; calcium carbonate is thereby precipitated ai^ 
ammonium nitrate obtained in solution. 

Freeth and Cocksedge (B. P. 16455, 9th July 1910; U.S. P. 
105 1097, 2 1st January 1913). Sodium nitrate, ammonium bicarbonate, 
(or its components^ and water are madejto react at any temperature 
at which the substances # will form ammonium nitrate (preferably 
bejow 35 0 C.) and in sucli quantities as will yteld, whejj the reactjpn 
is finislted and the precipitated sodiirtn bicarbonate has been removed 
at the temperature of the reaction, a solutjoy satunfted w^th r£Bp«ct 
to sodium bicarbonate and also f^turated, oi* nearly saturated, with 
respect to ammoniun^*bica*bonate and, ammonium nitrate. m The 
solution, after removal of t^ie sodium bicarbonate, is then treated 
so as tp gSt rid of 511 or most*>f the bicarbonate remaining in solution 
• (for instance, by Heating gt or below atmospheric prHsSure^ and is 
subsequently cooled to a temperature below that at which the reaction 
was performed (as low as - 25° C. if desired ^ when pure or practically 
pure ammonium nitrate separates. Equivalent quantities of ammonium 
bicarbonate and sodium nitrat^, tlfe latter in ^uch quality that it 
is equivalent to the ammemium nitrate which has been removed by 
cooling, are then added to the" mother Jiqtior (small adjustments being; 
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made to compensate for losses during the process of removing the 
soluble bicarbonates, for addition of washw<ter, etcfy and the cycle 
of opera tsonl is repeated. As an example, '200 parts by weight of 
sddium nitrate, 216 parts of ammonium bicatbonate, and Too parts of 
water are stirred together at any temperature between 33° and 22°,C.V 
and, when the fraction is finished, the.nvecipitated sodium bicarbonate 
is separated from- Ac solution at 22“ C. The remaining solution is 
then heated to remove tl^e soluble bicarbbnate and is subsequently 
cooled. At"- 1” C. about 55 parts of ammonium nitrate arembtained, 
per 100 'parts of water, or abefat 100 parts by tooling to -.22° C. 

Electrochem. VVerke.'G.m.b.H. (Ger.' P. 233895, 17th July 1910; 
B. P. 16426 of 1911; Fr. P. 43225*; 13th J 11 ]/ ' 9 11 )- The P r ° cess 
consists in electrolysing aqueous nitric acid of less than 30 per cent, 
concentration at the ordinary temperature, using an aluminium cathode, 
and a solution of nitric peroxide or nitrous acid in dilute nitric acid 
as anode liquid. The current density may- vary within wide limits, 
but it is essential <5o work at the ordinary temperature and with acid 
of the concentration mentioned ; otherwise loss of nitrogen occurs. 
The oxygen formed at the anode serves to oxidise the lower oxides 
IT" nitrogen to nitric acid, and in order that it may not interfere 
with the reduction"process at the cathode, a diaphragm is used to 
separate the anode and cathode compartments. 

Other patents on electrolytic production are 

Farbwerke vorm Meister, Lucius, and Pruning (Ger. P. 238137 j 


Fr. P. 433410 )* . , 

Siemens and Halske (Ger. P. 85103) prepare ammonium nitrate 

from gaseous ammonia by the silent discharge. 

Henry (B. P. 19141, 15th August ipio). Calcium (barium or 
strontium) nitrate aqKi ammonium sulphVte solutions (preferably 
concentrated) are mixed in ab'out equivalent . quantities, and, after 
sepkYating, from "'the prpeioitated calcium sHphite and removing any 
remaining capital, if desired, bidding the calculated quantity of 
ammpnium oxalate, the solution is evaporated until it has a 1 boiling- 
point" of i2 5°C. "and is Uhen cooled tp about 30 to 40 C., when 
a large proportion of, the ammonium * nitrate crystallises in 4 a very 

pure sta\e. ^ .... 

Knab (Fr. P. 116^31) treats alkahne nitrates witn ammonium 


oxalate. * . ■* v 

Traine andHellmers, and Weyer (Ger. P. £ 54935 . nth April 1 91 1). 
A mixture, of calciutn nitrate with excess ot ammonium sulphate, 
with or without * addition of water, t isr heated under ordinary or 
increased pressure until the jvater is completely expelled and the 
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mass is fused. The product, after cooling, is broken up and treatei 
with a suitable Organic lolvent, e.g., alcohol, to extract the ammoniun 
nitrate. It is stated, that. ammonium nitrate of about ^9.9 per cent 
purity canft>e obtained directly ift tfiis \Ay. • * 

• # Freeth and Cocksedge (Ger. P. 256335) agitate equivalent quantities 
of ammoniup', sulphate and ^sodium nitrate *with#a *hot solutioi 
previously saturated in the # cold state with amryonium nitrate ant 
sodiufn nitrate, and theft with sodium sulphate, until the *doubl< 
salt of a«nmoffium*nitrate £nd anftnonium sulphate begin* to crystallise 
out, 0^ with mother liquors of the sanie composition, and «ivaporat< 
the mixture as long as o»ly godium sulphate separtites oflt ; aftei 
removing this, the solution mixed with water and cooled U[ 
to the point . where* ammonium nitrate crystallises out. Theii 
Gej. P. 271518 describes the production of ammonium nitrate 
from sodium nitrate and ammonium bicarbonate or its components, 
employing such proportions that at the end of the reaction, besidei 
the precipitated sodium bicarbonate, a solution {Remains, saturated al 
the temperature of the reaction with sodium bicarbonate, ammoniun: 
bicarbonate, and nitrate; after removing the bicarbonatcs, the solutior 
is cooled down and the ammonium nitrate now falling out is separate 
and washed in the usual manner. The most suitable temperature foi 
the reaction is below 35°# 

Naumann (Ger P. 259995, l6t h May I 9 11 )* The mixture ol 
ammonium nitrate and ammonium-sodium sulphate obtained in die 
fractional crystallisation and by strong cooling of the mother liquors 
is mixed with hot mother liquors relatively poor in ammonium nitrate 
under such conditions that a solution saturated with ammonium 
nitrate at 25 0 to 55 0 C. is # obtained. From this, after removal of the 
separated double salt of* ammonium sulphate#and nitrate, ammonium 
nitrate'is recovered by cooling to the ordinary temperature, witif or 
without addition of water. .The double salt of anwnonium sulphate 
and nitrate may be used irf placy»of, or in *dditiq|i 40, The mixture 
of ammonium nitrate^ ?ind ammonium-sodium sulphate; but in this 
case the treatment is first effected ftit 75‘iC., at *which temperature 
the deutfle salt <JF ammonium sulphate and nitric is decomposed. 

• After removal of the separated ammonium sulphate^ the further 
treatment is as described above. # * 

Electrochem. Werke, G.m.b.H. $B. # P. # *164*26, 17th July *1911 ; 
Fr. P. 432252, 13th Jiily 1911). Nitfic ac$ containing less than 
30 per cent, of HNO a and ^containing also •some 5 jjer cent, of 
ammonium nitrate is eleetiolysed at the dhlinary* tefriperatiflre in a 
diaphragm cell with an aluminium cathide. In the anode compart- 
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ment is a mixture of nitrous acid and tvtric acid, or solution of 
nitrogei) oxides in nitric acid, which is converted Snto nitric acid 
by the antodr. oxygen. Fresh nitric- acid .is added to the cathode 
compartment as the r electrolysis ‘ proceeds, till the liquid contains 
about 40 per cent, of ammonium nitrate, and the process is continued 0 
till the cathode lkjuid^s neutralised. r # , 

Uhde (Fr. P. ^36768, 28th October 1911; U.S. P. 1053456, 

1 8th February 1913). The process described in Fr. P. 417565, of 
1910, is modified by (1) the employment of uncooled ^asesp without 
previous dehydration, \ the temperature of the absorbing liquid being 
maintained at about ioo°€. ; (2) the jjse-of concentrated ammoniacal 
gases, such as arc obtained from anynoniacal liquors; and (3) the 
treatment of the liquor obtained, by slightly acidifying and heating 
until a reaction commences (with a slight evolution of gas) sq, as 
to give a product which is chemically pure. 

Collett and Norsk Hydro-Klektrisk Kvaelstofaktieselskab (B. P. 
26097, 13th November 1912; U.S. P. 1058037, 8th April 1913). 
The production of ammonium phosphate is combined with that of 
ammonium nitrate by dissolving calcium phosphate, insoluble in 
USter, in dilute nitric acid, adding ammonium sulphate in such 
proportion that the" calcium is precipitated as sulphate, and treating 
the solution, which contains substantially only ammonium phosphate 
and nitrate, in any suitable manner, as, for example, by neutralising 
with ammonia and fractionally crystallising. 

Wulfing, Dahl und Co. (Fr. P. 465683 1 8th November 1913; 
B. P. 26233, 15th November 1913). Sodium nitrate (1 molecule), 
or a mixture containing alkali nitrate and other alkali or ammonium 
salts, is treated in aqueous solution with sufficient ammonium 
sulphate (at least 1 molecule) to convert rfil the alkali metal into 
• alkali ammonium sulphate, and ‘•the ammonium nitrate forfned is 
sepe«tied by fractional ^crystallisation from„the less soluble double 
salt, or the soJuyon is« concentrated arid extracted with alcohol or 
other solvent, or, sodium , nitrate and ariifuonium sulphate are 
allowed to interact’ in equivalent proportions, the double sak destroyed 
by heating (e.g., to*i 19° C.), the solution concentrated until nibs^pf the 
sodiunj iulphaCe has separated, and the mother liquor, after adding 
mor£ ammonium sulphate to cpnvert thfr remaining sodium sulphate 
into double salt, is treated as, above. 

Hulin (Fr. P. 480150, ntt) February 1915). An aqueous solution 
‘ of calcium nitrate obtained, e.g., by the electric arc process of fixing 
atmospheric nitrogen, is 'allowed to react -with ammonium sulphate 
at a temperature of i2o°C. f pr higher. The solutions are preferably 
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raised to this temperature*separately, and the preliminary heating and 
the reaction ai£ effected wider pressure in a series of autpclaves. 
The apparatus may be # applied to o # ther^reactions at higlp temperatures 
under pressure, notably those p/oSucing a precipitgte’of calcium sulpfcfte. 

• # Gidden (B. P. 6048, 22nd April 1915). A suitable apparatus 
for the manufacture of amnit^ium nitrate c6nsists dT a*closed vessel 
provided with a * stirrer aqd thermometer, outfets at the tpp and 
bottdhi respectively for Steam and the finished product (the latter 
opening* bein^ closed during the process by a plug), \n inlet pipe 
for ammonia gas reaching nearly to l 4 ie bottom of the \^ssel and 
through ^hich hot air may al$o be blowft if desirecl, and an inlet 
for nitric acid. Sufficient water* nitric acid, and ammonia or ammonium 
nitrate solution are run into the apparatus to seal the ammonia tube, 
any then, with, the stirrer in motion, nitric acid and ammonia gas 
are passed in simultaneously, the rates of feed being so adjusted 
that the mixture is kept*slightly acid. When the temperature reaches 
145 to 1 55 0 C, its further increase is checked, «if necessary, by the 
addition of water, but care must be taken that the total amount of 
water added, including that present in the nitric acid, does not exceed 
the amount which can be evaporated by the heat of the reaction? 
The amount of water present in the final product may be reduced 
to about 0.06 per cent.# by blowing hot air through the charge for 
an hour as soon as the addition of the nitric acid and ammonia is 
complete, and then after the charge has been run out into trays 
and allowed to solidify, pulverising it in a disintegrator whilst still hot. 

Ricard ((A.) Fr. P. 479164, 22nd May 1915; (B.) First addition 
9th June 1915). •Process of^manufacpiring ammonium nitrate by 
treating with alcohol the mother liquor from the manufacture of 
Sjpdium carbonate from Sodium nitrate by the ammonia process. 

(A.^ The mother liquor containing ammonium nitrate and sodium* 
nitrate is evaporated te dimness or untj| the teifipera^pre rtstghes 
140° C., and the residue a£ltated,*vith alcorjDl (95ft# 98 per cent.) 
at 70 to 8o° C. Amnyfruun* nitrate is thereby dissolved and recovered 
by cooling^he solution and recrystSllising* whilst The sodium nitrate, 
remaijain| insoluble, is returned to the ammonia soda process. The 
• proportion of aifimoniurp nitrate in the crude liqifdts of original 
mother liquors may be increased Uy adding ammonium chloride, 
which reacts with the sodium nitrate present to give a precipitate 
of sodium chloride; oremmonium sulphate may be similarly employed. 
Chlorides and sulphafes whict^ accumulate in tfie mother t liquors may 
be removed by treating the*alcoholic solutiSn with* leacl nitrate. The 
recrystallised product contains 95 per cent, of^ammonium nitrate. # 
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(B.) The mother liquor is agitated with alcohol at 70' C. so as 
to precipitate sodium nitrate, leaving a solution of anftnonium nitrate 
from which the alcohol is recovered by fractional distillation and 
the*nitrate by crystallisation ; or, the proportion of (ilcohol \s adjusted 
to give an alcoholic solution of ammonium nitrate superposed uppn^ 
an aqueous solution of 'sodium nitrate, which latter is run off and 
returned to the amitfonia soda process. 

Norsk Hydro-Elektrisk ^Cvaelstofaktiesels'kab (B. P. 8270, 3rd June 
1915). Sodiftm nitrate is produced by the action of*nitrous gases 
on sodiqfh carbonate "or bicatbonate, and is 'boiled with .amiponium 
chloride solution in such Concentration thLt sodium chloride, separates 
and ammonium nitrate is left in solution. The sodium chloride is 
then treated with ammonia and carbon dioxide with the formation 
of sodium bicarbonate and ammonium chloride, both of which f are 
used again for the same series of operations. 

Freeth and Cocksedge (B. P. i24or, 28th August 1915). 
Ammonium bicarbonate is treated with sodium nitrate in solution 
of such concentration, that on the completion of the reaction sodium 
bicarbonate separates out. This is removed and washed. The liquor 
^fluch is saturated ^vith sodium bicarbonate, ammonium nitrate, and 
ammonium bicarbonate at the reaction temperature, is concentrated 
and cooled, when ammonium nitrate crystallises. This is washed 
wj^h water and dried, and the washing liquor is used together with 
the mother liquor from the ammonium nitrate crystallisation and the 
washing liquor from the precipitated sodium bicarbonate for dissolving 
fresh quantities of sodium nitrate. For example, a reaction mixture 
of sodium nitrate and ammonium bicarbonate iS> prepared so that 
after the separation of sodium bicarbonate the liquor contains 161 
parts by weight of ammonium nitrate, 40 paits by weight of sodium 
'nitrate, and 100 parts by weight 'Of water. The solution is doncen- 
tramd^untij. it contains, i,oo parts by weight of sodium nitrate to 
122 parts by*wqight erf water. U is then cooled to 25 0 C., and 
40 per cent, of the ammqnium nitrate originally present in the 
concentrated soluti6n crystallises. 1 ( < 

Berlin Anhaltische ( Maschinenbau Akt.-Ges. (Ger. P.’ 2^9602, 

1 8th Sejftembet 1915). Nitric acid is diluted with a cold saturated 1 
solution of ammonium nitrate, r and during the neutralisation of the 
acid with ammonia gas, the solution is cooled by constantly circulating 
a portion through a cooler. * 

Ricard (JFr. P. 480082, 20th October 1915). ' The process is based 
upon thb reaction between ammonium bicarbonate and sodium nitrate, 
and yields sodium bicarbonate and ammonium nitrate. One-third of 

* < k . 
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the sodium nitrate is left jindecomposed in the mother liquor, together 
with ammoniufh nftratf. The patent covers several alternative^methods 
and apparatus for oarfyiug out the reactions, and for^ separating the 
salts froA the mother liquor^ *Th£ ammopiirm bicarbonate find 
• sodium nitrate may be allowed to act under pressure at 50° C. in the 
presence of only a small awjunt of water, or*a satarafed solution of 
the one salt may be allowed to act under tlte/same conditions as 
regafds temperature and pressure, upon the other salt in the <Jry state, 
The dried salt mixture obtained from the mother liquors treated with 
hot water, jyhich dissolves ammonium nitrate ig* preferences sodium 
nitrate, £nd the refined *alt ^obtained Ify recrystallisation of this 
solution is extracted with colc^water to remove sodium nitrate. The 
residual ammonium nitrate can be separated and dried by filtering 
uqfler pressure of hot air. In order to facilitate the extraction of the 
raw or refined mother liquor salt by cold water, then latter is passed 
repeatedly through the salt by means of a pump, a jet of compressed 
air, or some mechanical form of agitator. # 

Iloworth from Norsk Hydro-Elektrisk Kvaelstofaktieselskab (B. P. 
101090, 24th July 1916). Solutions of ammonium nitrate act as 
absorbents for both ammonia and nitrous gases. One part of~>*> 
dilute solution of Ammonium nitrate is saturate with ammonia, and 
the other part with nit»ous gases, and the two liquids are mixed to 
obtain a stronger neutral solution. The operations may be repeated at 
will until a concentrated solution is obtained or the solid salt separates. 

Washburn (B. P. 125601, 1st September 1916). In the catalytic 
oxidation of ammonia, the stream of ammonia and air is passed 
through the apparatus at such a rate tha^some of the ammonia escapes 
oxidation, so that a mixture of NH,N 0 3 and HN 0 3 is obtained. A 
suitable apparatus is specified. • 

T^er (B. P. 125621, 19th September *1916). * Two mole?ulai» 
proportions of sodium %nitrgte and one of ammonium sulpha*^ are 
dissolved in as little water* as possible, and the £lt§re<f solution is 
concentrated until it tyfils aW about 120° £. r fhe liquor is filtered hot, 
60 to 70 per cent, the theoretical amount ctf sodiurft sulphate regaining 
on the Tilter, anfl then a little water and sufficient calcium nitrate 
solution to precipitate apout 60 per cent, ot the remaining sulphate 
are added to the filtrate. After remqvaf of the calcium sulphafe the 
liquor is concentrated until it boils a* i2$>° tfl 125 0 C., allowed \o cool, 
and the ammonium aitrate which crystallines out is separated by 
filtration, washed and dried. # The diluted mother liquor is used for* 
dissolving fresh quantities* %( sodium nitratS and vnmfonium Sulphate, 
and the process is repeated. * » 
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Nauckhoff, Nitroglycerin Aktieb (Swed. t P. 41936, 31st January 
1917). Liquid HN 0 3 and NH a in solution orLs a gasPare conducted 
separately i#to^ closed mixing vessel, provided 'wjjh inlet and outlet. 
Thbjmixture is conducted in a' continuous stream, while coaling, and 
brought into contact with the walls of the apparatus. 1 0 

Freeth and Cockscdge (B. P. 126678, *7th February 1917; U.S. P. 
1301047, 15th Apiril 1919). Ammonium nitrate 1 is obtained by 
precipitating a solution saturated with ammonium nitrate, sodium 
nitrate, and sodium sulphide* at a selected temperature, adding, enough 
water to dceep the Sodium spits in solutios at a selected lower 
temperature, and then cooling the diluted solution to that temperature 
when ammonium nitrate separates ou^. r fhe mother liquor is then 
concentrated until the added water has been removed, and quantities 
of ammonium sulphate and sodium nitrate equivalent to the separated 
ammonium nitrate are then added, the whole being maintained at a 
temperature not lower than the original selected temperature. Na 2 S 0 4 
separates and is removed, and the whole series of operations can then 
be repeated indefinitely. 1 

Washburn (U.S. P. 1 21 7247, 27th February 1917). A mixture of 
^«es containing ammonia and oxygen is subjected to the action of a 
catalyst at such a IVe that the reaction product contains nitrous 
gases, and not more than 20 per cent, of frt# ammonia. A solution 
of nitric acid and ammonium nitrate is produced from the reaction 
prfiduct, and free ammonia is added to convert all the nitric acid 
into nitrate, which may be isolated and treated to yield concentrated 
nitric acid. 

Blom (Can. P. 178884, 2^ist August 1917).' Ammonium nitrate 
solutions are saturated with ammonia and then neutralised with nitric 
acid. Saturation and neutralisation are repeated until the ammonium 
mitrdte separates 'and the ’mother liquor is used for re-saturation. 

^kshburn (U.£. P. 1206062, 28th November 1917). The reaction 
of oxidation 'of ^jnjnonia carried op at such a rate that not more than 
20 per cent, free ammonia and nitrous gases are’present in the reaction 
produc\s A solution of niyic acKl and ammonium nitrate, is formed 
from these gases, o concentrated and neutralised with ammonia if 
ammoqjum nitade is the product desired, or treated with sulphuric acid 
to recover nitric acid and ammonium sulphate. * 

Partington, Graham, and Jone§ (B. P. 134562, 1st February 1918; 
U.S. P. 1306924, 17th Ju^y 1919). Ammonium, nitrate produced in the 
l form of a mist by the interaction of ammonia gas* and nitric acid, or by 
other mcansi is* caqsed to 1 pass through a„d£hydrating agent, such as 

1 Cf. IX P.^ 16454, of 1910. 
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sulphuric acid, and can then be readily condensed and collected. Very 
little mist is absorbed tne sulphuric acid. 

Blom and Norsk •Hydro* g Elektrisk Kvaelstofaktieselskf^b {U.S. P. 
1256513, #i 9th Rebruany 1918)1 *An tmmonium. nitrite solution# is 
• saturated with arflmonia and* then neutralised. Vith nitric acid lfquor 
obtained by absorbing nitroug gases in ammonium niy-at# solution. A 
portion of the neutralised liquSr is treated with grrrtnonia and another 
portion with nitrous gasef, and these steps are successively ctJtftinued 
to forr% ammoniym nitrate. r Phis metlfbd* avoids overheating and 
formation of large amcyjnts of fumes. t • # 

Paftington, Jones, and JJrownson ( 11 . P# 136190, 44b Mafth 1918; 
U.S. P. 1330136, 10th *Fel^*uary 1920). Ammonium nitrate is 
manufactured J)y bridging together oxides of nitrogen, oxygen, water, 
and ammonia in such proportions that the oxygen is in excess of the 
theoretical quantity required to convert the oxides pf nitrogen into 
nitrogen peroxide, the ajnmonia is insufficient to react with the whole 
of the oxides of nitrogen, and the water does not exceed the amount 
necessary to convert all the ammonia into ammonium nitrate by 
interaction with the oxides of nitrogen. Where gases containing about 
10 per cent, of oxides of nitrogen are utilised, the amount of oxygen 
should be approximately three to four times thr theoretical quantity, 
and time should be allojved for the reaction to take place before the 
admixture with the ammonia. If the gases after any stage of the 
process still contain oxides of nitrogen, a further quantity of oxygfen, 
ammonia, and water may be added to produce more ammonium 
nitrate. By this process less ammonium nitrate is lost than by other 
methods of manufincflire. 

Bailey, Denny, and Jeffries (B. P. 131017, 20th March 1918). 
Suitable proportions of ammonium sulphate ryid sodium nitrate interact 
in th$ presence of a bisulphate, NaHS 0 4 . Na 2 S 0 4 sepafate^ 

the solution has gpoled, 
ic dcybje &lt separates, 
per quantities are added 
to the fir^l solution, and the process *i^ made •continuous. * Nitre 
be used as the sofijee of the Nall SO/ enjoyed. 

(B. I> 131358, t 6th May 1918)* Ammmiium *nijrate is 
produced by bringing together ammoniufh sulphate and sodium nitrate 
in the presence of water at, say, 55 0 to£$° C., filtering off the precipitated 
sodium sulphate, passing in gaseous^ amn^pnia to effect a further 
separation of sodium sulphate as such or as a doyble salt NH 4 . Na . S 0 4 ,* 
removing the ammonia from tfie solution by heat pr reduced pressure, 
or both, and then cooling fd effect th<; separation of the NH 4 NO g . 


cake may 
Rivett 


from the hot solution ai^d is removed. When 
without dilution, ammonium nitrate and nofyl 
Ammonium sulphate and sodium nitrate in pfo 
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The mother liquor after separation of the ammonium nitrate, with 
or without the addition of the salts predicated by the ammonia 
treatment, f may be used to dissolve mpre ammonium sulphate and 
sodium nitrate. . * f ' <• « o 

Carlson (Swed. I s .. 44650, 23rd October 1918). Ammonia iso 
introduced into several vessels in series^ provided with coolers, thbn 
nitric acid is run mtp the first vessel add th6 resulting liquor is passed 
througfp the series* so that reaction occurs in several subdivisions 
to maintain tjie temperavurb and inorease production. e 

Freet^andCockse^gc (B. P 4 149095, 20th May 1919). Ammonium 
sulphate tind sodium nitrate are caused to j^eact in suitable proportions, 
and the sodium sulphate precipitated ^s removed. Calcium sulphate 
is added to the solution to separate sodium sulphatq 'as a double 
salt. After removal of this salt, ammonium nitrate may be obtained 
by cooling the t solution without further dilution, the mother liquor 
being used for a fresh cycle of operations. # 

Uhde (Can. P. 201894, 13th July 1920). Ammonium nitrate 
is produced from coal distillation gases by separating the tar but not 
the water vapour from the gases while still hot, conducting the gases 
JtftO an alkaline earth nitrate solution at ioo° C., filtering the solution 
and evaporating to pwduce the salt. 

Landis (U.S. P. 1315674, 9th September 1919). Ammonia is 
passed into a solution of nitric acid to neutralise the solution and 
fofm ammonium nitrate, and the vapours which are produced in the 
reaction are recovered and returned to the solution by the action 
of a reflux condenser. 

^ u 

Treatment of Ammonium Nitrate. 

♦« * 

o Gallup, for du Pont? de Nemours (U.S. P. 1131361, 9th .March 
I 9 l jv)*( ? . Ammonium nitrate solution is concentrated to a degree 
depending o'n ttye <uze of ^ram required, and the salt is then crystallised 
by dooling, whilst stirring and aerating the solution. 

(a)^Ger. P. 305567, 3; st January 1917; \b) Ger. 305568, 
8th January 1918. (a) Ammonium nitrate (meltkng-point *-152° C.) 
is mixed* witU^di-cyano^diamide (melting-point 205° C.), a mixture 
containing 85 per cent, of the former becoming fluid at 175° C. The 
use of the mixture in 'the*' preparation of explosives is easier ^nd less 
dangerous than that of ^nimonium nitrate alope. (b) Water is used 
•as the liquefying medium. The pouring temperature" of a mixture 
of 66 per cent* ammonium nitrate, id percent, sodium nitrate, 20 
per cent, nitrotoluol, and 4 pej cent, watbi is about 80° C. 



Norsk^ Hydro-Elektrisk Kvaelstofaktieselskab (B. P. 117823, 
10th April 1947; Fr. J. ^85107, 13th December 191^). Ammonium 
nitrate is obtained ip dry* granular form suitable for agricultural 
purposes Jay drying* a jnoist # mjxtt*re qT ammonium niHatt? with ^og 
* iron ore or kieselguhr at a temperature not abov® 130° C. with agitation. 
A small quantity of plaster of Paris (gypsumj^ may be,added to the 
ammonium nitra^i before treatment, and the suspension of bog iron 
ore yhich is preferably ^nfjjloyed can be rendered more visaous by 
adding relativised starch, kieselguhr, potusrium salts, ^r ammonium 
salts. The drying may # be effected in two stagcsjirst at a comparatively 
low temperature such as 20° to 40° C., andt^ien # at a higher temperature 
such as Too° C. • • 

Gallup (Gan. P. ^9^53, ifth September 1917). The ammonium 
nitrate liquor is concentrated to a predctei mined concentration accord- 
ing to the size cf grain required, and is allowed to crystallise while 
being stirred and aerated on cooling. If the liquor has a relatively 
high temperature of crystallisation, the grains of ammonium nitrate 
will be relatively large, and vice versa. * 

Norsk Hydro-Elektrisk Kvaelstofaktieselskab (Swiss P. 76202, 

1 6th November 1917). Ground ammonium nitrate is mixed with 
a binder which is not adhesive when dry, with^he addition of water, 
and the mixture is dried with stirring for the purpose of forming 
larger grains from the original small crystals. A colloidal substance 
serves as the binder. The drying may be effected with gradual rise 
of temperatuft. Dehydrating may be applied to the ammonium nitrate 
before mixture with the binder. The dried product may, with 
advantage, be sutyeeted to the action of a vacuum. 

Bergve and Lundby (U.S. P. ^263363, 23rd April 1918). 
Ammonium nitrate is m^x&l with about 3 per cent, of plaster of Paris, 
£he mixture is moistened and dric^l while agitated fit a temperature, 
of 90* to iio° C. to produce a product which is granular and suitable 
for use in fertilisers. • I • 

Bergve (Can. P. *82916, 12& March A) 18). •Solid ammonium 
nitrate is moistened ^ith a* liquid tontalning an inorganic substance 
(bog iroe ore which with mter producccf a viscous liquid), is dried, 
then uhated whil^ being agitAed. • # ^ 9 

Hinselm^nn (Ger. F*. 184641) obtains ammonium nitrate (or 
chloride), remaining white on keeping in stock, and free from eulpho- 
cyanide, by heating below the temperattirS <jf volatilisation, whereby 
the sulphocyarfide is inverted intq,a bfack powder (persulphocyanide), . 
from which the pure solution 6f nitrate (or chloride) can be separated 
by filtration. In the case ammonium nitrate', the heating must 
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be carried on at 135 0 to 140°, in that of ammonium chloride at 
200 0 to 250°. * ' ^ r 0 

Gallup and the Du Pont de Nemours Powder Company (U.S. P. 

1 1»3 1 36 1 ) e vajbrate the solutior of r m pionium nitrate in two ^lperposed 
panst If the temperature of the top pan is kept at 135 0 to 138’, the 0 
product obtapied in {he bottom pan is in a granular form. Wish 
a temperature of.ijo° in the top pun, the product comes out in 
a numb coarser form, of which no mo;e than 5 per cent, passes 
through a t^n-mesh si#ve. The grains are nearly # globular and 
comparatively very little hygroscopic. 

Manufacture of Calcium Nitrate. 

Braunschild and Chapiro (Fr. P. 42^014, ntlvjune 1910). Sodium 
nitrate solution is treated with ammonium carbonate (or ammonia) 
and carbonic acid, or with ammonium bicarbonate so as to produce 
ammonium nitrate solution and a deposit of sodium bicarbonate, 
and the ammonium nitrate is treated with lime or calcium carbonate, 
thus forming calciiSm nitrate solution which is concentrated, and 
ammonia, or ammonium carbonate, which is used again. In the 
first part of the process some sodium nitrate remains undecomposed, 
and this may either removed by crystallisation, before the treatment 
with lime, or be allowed to remain, so as to give finally a mixture 
of sodium and calcium nitrates, which is used as a manure. 
Claim is also made for a product containing in addition, ammonium 
phosphate or sulphate produced by neutralising any ammonia not 
driven off. 

Soc. Norvegienne de 1 ’ Azote et de Forces Hydro Electriques (Fr. P. 
442514, 2 1st June 1911). ‘Commercial calcium nitrate (such as 
that employed as a fertiliser) is heated fur r. relatively short time, 
t in *. rotating cylinder qx in other manner, to a temperature ^lightly 
above its fusion point, so that the finer particles melt more or less 
completely and tjje coawei particles reipain unmelted or are fused 
superficially only,' thus giving, by agglomeration, a granular product. 
By mining other finely divided substances,' such ‘us calcium cyanamide, 
with the nitrate, these may ’be incorporated in the grgnules. „ 

Peacqck jjnd ‘Southern Electro Chemical Company ( 1 X 3 . P. 
1057876, 1st April 1913). < Phosphate „rock containing tricalcium 
phosphate and free lime., is finely powdered and immersed in water; 
gases containing nitric a^cid lire blown through the mixture until all 
. the free lime and one-third of the ^alcium contained irf the tricalcium 
phosphate ave converted into calcium nitrate, the latter solution being 
then separated from the dicalcium phosphate which has been formed. 
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T. Twynam (B. P. 5^84, 28th February 1914). ^Finely ground 
basic phosphatit slab islheatgd with restricted amount of nityic acid 
insufficient to act upprt'ttye compounds or form any nojab]$ quantity 
of gelatines silica, nitric acid*pr£fenfb)y bein^ ^obtained from {fir* 
i>y electric arc profess. After drying the deliquescent mass obtained 
mjfy be converted into dry* condition by adding ^)ot$issium soda 
sulphate. Calcium nitrate Wy*be separated by soilufion. 

T.*Twynam, E. K. Scoit,*and F. Howies (B. P. 6275, i2th*5Tarch 
1914). Jhospfcatir; basic ^lags ate subjected to action* of oxides of 
nitrogen and air issuing from nitrogei fixatitfi furnace *n which 
oxides ffre produced by hig|j teysion electric arc, whereby slag gives 
rise to substances containing sqjublc phosphate and nitrates of bases 
present in slag. Temperature of mass is controlled to prevent 
formation of nitrate of iron by injecting water, steam, or sludge of 
groifnd slag and water. • 

Smith and Ammonia $oda Company ( 15 . Ps, 10595, 2ist July I 9 I 5 » 
and 1059, 22nd January 1916). In the manufacture of calcium 
nitrate by the reaction of calcium chloride on sodium nitrate in 
solution, the calcium chloride is employed in excess, eg., an excess 
of 20 per cent, and the mixed solution is evaporated, eg., until its ^ 
boiling-point is 130^0 140" C., and then cooled*or allowed to cool, 
eg., to 6o° C., the sodiprn chloride which separates during these 
operations being removed; then the solution is diluted, eg., until 
its boiling-point would be about 128° C., and is then further cooled! 
whereupon calHum nitrate dPgstallises out and is washed with water 
or calcium nitrate solution, and if desired may be rccrystallised. In 
recrystallising, a sofutton of a boiling-point of about 12 1° C. may 
be employed, and the mother fiquor may be used for washing the 
crystals first obtained dr# for diluting the original solution prior to 
th£ first .crystallisation. * * * • 

Gillbert (B. P. 124780, 27th March 1916). Calcium nitrate^is 
obtained by the addition of equivalent quantifies of |al#ium chloride 
and sodium nitrate to a •“ nucleus solution,” in such quantities as to 
produce a jolution saturated with Calciuip nitrate at as high a 
temperature as practicable, 8o° C., and the prqpipitated sodium 
9 chloride is removed- Water is then added id* quantit$**sufficsie8t to 
make the proportion of wate$ to sodium •chloride equal to that* of 
the nucleus solution, and to provide four nnolbcules of watSr of 
crystallisation for the calcium nitrate whicli is do be separated. The 
solution is then* cooled* to a predetermined temperature to separate 
the calcium nitrate, leaving nucleus solution, whjph Is used^gain, 
and so on indefinitely, the subsequent yycles, however, including 
• * % • . T . . * 
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a step of ev^oorating, before the separation of sodium chloride, 
a quantity of water equal to that which, was (dded ii#the first cycle. 
The nuc^us solution is ’ a solution , s f iturate ‘<4 with calcium nitrate, 
sodium nitrate, and sodium ^chldride, if the separation <bf calcium 
nitrate is to be effected below 25 0 C., or a solution saturated with; 
calcium nitmte f and ‘sodium chloride If the separation of calcftim 
nitrate is to be effected above 30° C. in c practicable quantities. 

Tndrssell (Can. P. 189603, 15th April 1916). A solution of 
calcium cyatramide is Pnixed with a solution of calcium nitrate and 
brought dnto intimacy contact with nitrifying bacteria during ample 
supply Of air. ‘ A small <part of the^ calcium nitrate already formed 
is set aside for preparing the finished product, and the rest is mixed 
with fresh calcium cyanamide solution and* used f6r obtaining a 
stronger nitrate solution. 

H. G. F. r Gould-Adams, J. R. Partington, and E. K. Rfdeal 
(B. P. 129699, 29th November 1917). Oxides of nitrogen such as 
are produced, for instance, in electric arc process or ammonia 
oxidation processes are allowed to react with any suitable oxide or 
carbonate in solution or suspension, and the nitrite which is first 
produced along with nitrate is oxidised to nitrate by further treatment 
with the nitrogen oxides; lower oxides of nitrogen resulting from 
the second reaction are mixed with fresh supply of air or oxygen and 
used for treatment of more liquor. Process may be carried out in 
£n alternating series of absorption and oxidation chambers on counter- 
current principle, or each absorption chamber may *be capable ol 
isolation for purposes of emptying and re-charging. 

Blumenberg (U.S. P. 1259717, 19th Maith 1918). Calcareous 
borax ore is treated with nitric acid to form H s BO s and Ca(N 0 3 ) 2 , 
the mixture is evaporated to dryness to render the silicates insoluble, 
c the mass is digested with boiling water, H 3 BO h is separated -from the 
Caj^ 0 3 ) 2 by crystallisation after filtering, c H 3 B 0 3 c and NaN 0 3 are 
mixed in prqooction tc/ form bor<ax, and this mixture is heated undei 
le'ss than atmospheric ^pressure in the presence of oxygen and watei 
vaptfpr, the HN© 3 givep off fceing used for treating additional ore. 
U.S. P. 1259718 relates to a similar method irTVhich the Ca(N 0 8 )< 
is heated in, a closed^vessel with oxygen and warter vapour ^to fora: 
HN 0 8 and CaO. 1 r « 

U.S. P. 12597*19 specified heating calcareous borax ore witl 
NaN 0 8 to form a fu?e& mass which is digested with water. Th« 
* sodium borate is separated from* the calcium^ nitrate in the solutior 
obtained by cooling and crystallisation. . 

Thorssell and Lunden (B. P. 1^1493, 26th September 1918) 
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Calcium nitrate is formed fry bacterial oxidation of cal^um cyanamide 
by trickling a%olutioi#of the latter over a bacterial bed formed, 
e.g.y by a layer of gjfrtfen soy mixed with powdered coke* talcium 
cyanamid# is dissolved in water •whV.h Ifiay contain C0 2 to precipitate - 
tfree lime, and sufficient of the solution is added to a solution of 
calcium nitrate to obtain eoiyglete oxidation of*the oyanfimide in one 
treatment. Part* of the*c^lfcium nitrate is sopafated, and to the 
remainder, cyanamide solution is added to obtain a solution of the 
same composition as that previously treated:. * • 

Thorssell and Lundcn (U.S. P. 12*86839, ^rd Decemlier 1918). 
CalciuA cyanamide is dissolve^ in water and mixed ‘with a # solution 
of calcium nitrate, and thb mixture is then treated with nitrifying 
bacteria and Air to effect further production of calcium nitrate. 

Nitrum Akt.-Ges. (B. P. 130979, 28th July 1919). A concentrated 
solution of calcium nitrate is obtained from nitaous gases, by 
neutralising with lime tfcie acid solution obtained by dissolving the 
gases, and using the neutralised solution for further absorption. The 
neutralisation may be effected by passing the solution over limestone 
in the absorption apparatus, or by adding lime or limestone to the 
solution outside the absorption apparatus, the neutralised solution < 
being returned thereto. * 

• 

Treatment of Calcium Nitrate. * 

Brougham and Norsk Hydro-Elektrisk Kvaelstofaktiesclskab (Fr. P. 
445286, nth July 1911; B. P. 15934, 8th July 1912). The concen- 
trated solution of* calcium nitrate is strongly cooled and agitated, 
with the formation of a mass* of solid particles suspended in the 
saturated fluid, and th^# viscous mixture is rjm in a thin layer over 
the surface of a cooled rotating drum, presided frith a scraper, • 
whereby solid calcium ijitrate is continuously remaved in the*fjgrm 
of fine flakes. • ^ * \ t • 

Norsk Hydro - Elelrtrisk Kvaelstofaktiesefskab (Fr. P. 4669*63, 
3rd January 1914; if. P. 468, 7tl! January 19*4). The yflolten 
substance* is form#a into globules and allowed tp fall freely in a 
• gaseou? atmospheae, such as air, which maf be cir*ulatec> ip the 
opposite direction and submitted to coolirtg. Powdered material Tnay 
be added to the melt immediately bef<*re granelatftig. 

Norsk Hydro-Elek^isk Kvaelstofaktiesel#kab (Fr. P. 474996, 
nth July 1914J. Material which has been allowed to solidify or dry 
on a drum is removed by, ^ scraper and irftmediajely reduced to a 
granular powder by contact wiffl a strip o^wood or metal, which may 
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be adjusted at^the desired distance from the drum and scraper, and 
at a suitable angle. A current of air or, othe&gaS' is Employed, when 
necessary, «to prevent the particles from ?dhgring Jto each other as they 
arfe produced. «. *' ' ' ° « * 

Hechenbleikner for* Southern Electro Chemical'Company (U.S. P.< 
1143625, 221M June V915 ; Can. P. 191.308, 1st July 1916). “Fltiid 
nitrate of lime ” is collected into pools, atound which’a cooling medium 
is circulated. The cakes so formed are detached from the moulds by 
heating the walls, and thten pulverised and conveyed aw«y in $ current 
of air. * % * c 

Holtcr (U.S. 1203740^ 7th November 1917). Granular Balcium 
nitrate is made without formation of powder by melting the material 
and, when it is in sufficiently concentrated form for crystallisation, 
forming it into drops or globules and hardening them by a counter- 
current of air through which they pass. 

» 

Manufacture of Barium and Strontium Nitrates. 

K. Puls, K. Krug, and Norddeutsche. ehcm. Fabr. (Ger. P. 198861, 
nth August 1907). Finely powdered barium carbonate (witherite) or 
strontium carbonate ^trontianite) is heated with pn aqueous solution 
of calcium nitrate under steam pressure and \yith agitation, the calcium 
carbonate produced is filtered off, and the solution of barium or 
strontium nitrate is evaporated. 

Traine and Hellmers (Ger. P. 205167, 3rd January P908). Barium 
and strontium nitrates are prepared by heating the corresponding sul- 
phides or hydrosulphides with calcium nitrate, preferably underpressure. 

H. Weyer (B. P. 9773, 5th May 1908). Barium or strontium 
sulphide obtained by, heating the corresponding sulphate to in- 
candescence with coal,«is treateckwith molten calcium nitrate# or with 
a (jested solutioai of the latter in water, preferably under pressure. 
Barium or strqntjum nip ate goes qito solution, while sulphur, calcium 
sulphide, and calcium hydrosulphide arc deposited. Carbon dioxide 
is th^n passed into the heated 1 ' liquid, and % the escaping hydrogen 
sulphide “treated, to form sulphur, sulphurous acid, ^ or sulphuric acid.” 
After c fitoeringf the solution is evaporated to recover pure barium or 
strotitium nitrate. 1 » t 

IT. Weyer (B. T. 9772, y.h May 1908). Calcwm nitrate in 
solution undergoes double decomposition with the hydroxide, oxalate, 
or phosphate of barium or strontium, when heated, in soluble calcium 
compounds and a solufion of barium ,or strontium nitrate being 
formed. The reaction is bqst effected finder pressure. 
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Chem. .Werke vorm I}r H. Byk (Ger. P. 242243,^3151 December 
1909). Bariuftt caAonfcte is fused with calcium nitrate. If commercial 
barium carbonate copfeinjng julphide be used, the fusion i% prolonged 
until H 2 S^s no longer evolved. •Tfie fifrther treatment of the product 
• follows according* to known methods. The • process possesses the 
advantage over the one described in Ger. P. 205167 of 1908, that the 
fusion may be effected in opgft vessels. • * 

Akt.-Ges. fur Chemisqhe Industrie and Kuhne (Ger. PT24&524, 
26th N^vembtr r#n). Parium* sulphate (i* moleculef is fused with 
an excess (2 molecules)«of calcium nitrate, the /Used mass i» suddenly 
cooledfand lixiviated with w«iter,to extract the barium* nitratS formed. 
Up to 75 per cent, of the l&riujjp sulphate is converted into nitrate. 

Snelling (U.S. P. 1*85824, 26th November 1918). Barium nitrate is 
prepared by spraying nitric acid into a solution containing barium 
sulphide, spreading the mixture into thin sheets aod maintaining 
sub-atmospheric pressure* above the liquid to remove the II 2 S as fast 
as formed. Other nitrates such as strontium nitrate may be similarly 
prepared from the corresponding sulphides. Removal of H.,S avoids 
reduction of HNO ;i and consequent formation of ammonium nitrate. 

Davis (U.S. P. 1321013,4th November 1919). Barium nitrate is 
made by mixing saturated solutions of barium stffphidc and aluminium 
nitrate at a temperature of 50" C., and then preferably raising the 
temperature of the reacting materials to ioo° to i2o°C, at which 
temperature the solution boils and the reaction is vigorous. pf 2 S 
produced in the process may be carried out continuously. Aluminium 
hydloxide is obtained as a precipitate. Other alkaline earth nitrates 
may be similarly piocfuccd. * § 

# Manufacture of Copper Nitrate. 

• 1 * * • 

Gouthiere etCie and Ducancel ( T r. P. 395806, yth January 1908). 

A solution of copper nitrat</for use in agriculture and titicultuTe is 
made by mixing solutions of comlhercial calSium mtrate and copper 
sulphate. The produ<?t is daimed & be* most actjve if prepared just 
before us|.* # * 

• # • * 

Manufacture of Aluminium Nitratr. * • ^ 

Norsk Hydro-Elektrisk IvvaelstofaktieselsJ<ab,(B. P. 120035, 23rd 
July 1918). Aluminium nitrate is prepared from clay, argillite, etc., 
by heating the«mineral frith nitric acid, In an autoclave under pressure, . 
whereby dissociation of the nitric acid at higlyempcratures m prevented. 
The silica which separates is*ig*a granular state and is easily removed 
bv filtration. . I • • 
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\ Manufacture of Lead Nitrate. . 

Anderson and Kaar (U.S. Ps. 108391$ and ^083911, 13th 
January 1*914^. Crude lead t sulphide is digested with d^ute nitric 
acid f (7 per cent, 'strength) containing an alkali^ nitrate, and the 
solution purified by the addition of successive small quantities 0 
of an alkali.^ IVon is eliminated from 'the solution by first heating 
the ^ttpr with sufficient sodium carbonate to precipitate the greater 
part of this impurity, anc] then with thtft necessary to precipitate 
the remainder. ' n ' 

( ' , t 

‘ ■ 1 1 

Manufacture of Nifrat’es (General). 

k 

Eyde (B. P. 28614, 28th December 1904). To the solution of 
mixed nitrates and nitrites produced by the action of nitrous gqses 
on alkali or alkaline earth hydroxides or carbonates, nitric acid is 
added, and the nitrous vapours evolved an utilised, preferably by 
returning them to the apparatus in which the mixture of such nitrates 
and nitrites is produced. The nitric acid in adequate proportion may 
be added to the boiling, or to the cold solution of the mixture; but 
** in the latter case a current of air is passed through the solution. 

Brunler and Kettfler (Fr. P. 380467, 2nd Augus f 1907). A mixture 
of combustible gas and air or oxygen is burnt under water (or alkali 
solution) in such a manner that the flame issues into the liquid. The 
quantity of nitrogen is so regulated that the temperature of the flame 
lies, in its interior, within the limits of stability of nitric oxide, and in 
its exterior portion, within the limits of stability of nitrogen peroxide. 
Under these conditions nitric oxide^s formed fci the hot interior 
of the flame, and in the cooler mantle combines with oxygen to give 
nitrogen peroxide, which in the presence bf water and oxygen is‘ 

‘ converted into nitric atiid (or alkali nitrate). Burning the 'Mixture 
un(W increased pressure is found to improve the yield. 

( Badische A.nifM und;8oda Fabiik (Gef. P. 210167, nth July 1908). 

Johnson and Badische Anilin und . Soda', Fabrik (B. P. 10867, 
7th May 1909). The object of the invention<^to prepare>technically 
pure solid nitrates /rom gaseous mixtures ^containing' small pfojjprtions 
of oxideS of niftogen such as are obtained, for instance, by the electrical 
oxidation of atmospheric nitrogen. The* gases are mixed with steam 
or with atomised water,' th* mixture being kept at S’ temperature 
above the boiling-point?- of nPric acid, and then brought in contact 
with solid pxides, hydroxides, or ciirbo.nates of 'the alkalis or alkaline 
earths. '' At the temperature employed ^.,‘250° C.), after the addition 
pf the water, a large portion of the nitric acid is in the dissociated 
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condition, but when the, mixture is brought in contact with the 
absorbent, the* un< 3 iss#ciated nitric acid is immediately absorbed, 
after which further # cfuarjtiti^ .are produced from the dissociation 
products Snd absorbed,' and so t>n* until the whole of fhe nitric acid 
•is absorbed. * ’ •* # 

* Dyes and Lehmann (B.*P. 15391, 21st }uly *1908). Calcium 
nitrate is treated 'with # a vejy slight excess of •ammonium sulphate 
in ac/Ueous solution, whereby practically all the calcium Sulphate 
formed «is pfccipitated, <md after filtcnngj the clejfr solution of 
ammonium .nitrate is evaporated. If th* ammonium nitrate k required 
quite /ree from sulphate, it# sqjution is fimt treated tvith th£ amount 
of barium nitrate, or baryfo wgter, which is equivalent to the excess 
of ammonium* sulphate present, after which it is filtered and evaporated. 

f Kettler (Fr. P. 396161, nth November 1908). The apparatus 
consists of a furnace which is heated by the combustion of a mixture 
of gas and air passing through it, and contains a spiral of refractory 
metal or porcelain, through which passes a mixture of nitrogen and 
oxygen. The temperature of the mixture is thus brought to 1300° to 
1400° C. The front part of the spiral is further heated by being 
enclosed in a tube, in which a mixture of benzene or other inflammable 
vapour and oxygen #s burned, and the temperature of the gas is thus 
raised to about 2000° C, A further increase to 2400° to 2600° C. is 
effected by injecting a mixture of acetylene and oxygen into the flame 
issuing from the spiral, or an electric arc may be disposed in front* of 
the nozzle. The flame which now contains nitric oxide enters a sheet- 
iron pipe of comparatively large rectangular section, slightly inclined 
in the direction of the flame, and enclosed in a vessel filled with a 
solution of lime or other base, which completely surrounds the pipe. 
Jn this pipe peroxidati*ow takes place, and, wjien desired, the solution 
can bo introduced as a shower through a grating Arranged irf the* 
upper surface of the .pipe, thus suddenly^ cooling the flam^and 
absorbing the oxide with formation of niffcate, t^e # solution being 
pumped back into the # \essej until neutralise 3 .» A special opening is 
provided far observing the flame as if leav^ the spiral. / 

BadisJfche Anihn* and Sc^a Fabrik (Fr. P. 39^738, 23rd January 
1909).* Alkaline «earth nitrites or mixtures c6ntainingpthemf such as 
those obtained by using alkaline eartlj bases as absorbents of nitrous 
gases, are treated at about 300° C. with tjie higher oxides of nhrogen, 
preferably in tjie presence of air or oxygen ; they are thus completely 
converted into nitrates, and nitric oxide is also produced, which acts as* 
a carrier of oxygen to a fuitfcier quantity of nitrite. , • 

N Badische Amlin und Sod 3 * Fabrik (CJpr. p. 220539, i$th February 
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1909; U.S. P.W39325, 24th September 19,12). Nitrites or mixtures 
of nitrites and nitrates such as are obtained iri prdfcesses for the 
utilisatiSn r of atmospheric nitrogen, are f treated jjrith nitric acid, and 
the nitrous vapours produced a're mixed with such a quantity ^)f oxygen, 
or a c gaseous mixture containing oxygen, that the atomic ratio of the 0 
total oxygen »to the cbmbined nitrogen is as nearly as possible $ ? 2 . 
The gases can theri bp absorbed in watdr, (or aqueous solutions) in a 
relatively smalFabsorption apparatus, yielding concentrated nitric? acid. 
In using the process in connection with the manufacture of nitric acid 
and nitrates from atrty)spheri<? nitrogen, the oxygen is added in the 
form of the gasebus mixtun; obtained b,v thp combustion of atmospheric 
nitrogen, and the solution of nitrite qnd Piitrate obtained in a later 
stage of such manufacture is used for the absorption of a part of the 
nitric acid, and is then added to another portion of the nitrite-nitrate 
mixture in ordej; to convert it wholly into nitrate. 

P. A. Guye and G. Darier (Fr. P. 415143,05th July 1909; U.S. Ps. 
1036611 and 1036833, 27th August 1912; Ger. P. 242014, 3rd July 
1910). The process consists in allowing nitric acid, of less than 
35 per cent, strength, to react with an alkali or alkaline-earth chloride, 

* at a temperature below 8o° C, and under a pressure below 300 mm., 
the dilution being maintained, as far as possible, dqring the operation. 

A current of air may be passed through tbe apparatus, instead of 
working under reduced pressure, and in order to convert any oxides of 
nitrogen present in the gases into nitrates, these gases mixed with air 
or oxygen if desired, are passed through apparatus filled with solid 
chloride, before the hydrochloric acid is recovered by solution in 
water. With sodium chloride, for instance, working>at 22 mm., about 
93 per cent, of the nitric acid used may be transformed into nitrate in 
the reaction vessel, the Remainder being almost entirely retained a§ 
mitra\e by the sofid chloride. «> L 

IJ^dische Anilia und Soda Fabrik (Ger, P. *2 2302(1, 31st July 1909, 
addition to Geig V. 2205^9,' 1 6th February 1909). According to the 
chie\ patent nitrites or mixtures of nitrites ( and ‘nitrates were converted 
into nitrates by treatment \^jth nfuic acid, iht^nitrous fum^s evolved 
being mixed with oxygen or a gaseous mixture conta.ning oxygen and 
then absorbed. v In the c process it is necessary that the solution be 
kept slightly acid, and in order that thisi,may be effected even when 
the proportion of nitfite is variable, it is proposed, according to the 
present patent, to mix the nitric acid recovered by absorption from the 
•nitrous fumes with a $mall excess .of nitric acid, and use it for tbe 
treatment of a further qitantity of the' mjxjure containing nitrite or 
nitrite and , nitrate. In this way tlffc process may be worked 
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continuously, the supply,of nitric acid being regulatrfld essentially by 
the nitrite content? ofgthe mixture. * 

Badische Anilin # and Soda Fabrik (Fr. P. 411674, i£th f January 
1910) )* Johnson (B. #P. 30502, *3otfl December t§ 09). Aqueous 
1 solutions of nitrites, or of mixed nitrites and nifrates, are submitfed to 
tAe action of nitrous gases, or of gaseous niftture^ containing such. 
Or, they are treated with hitrft? acid, and the nitrpuS gases evolved are 
mixed with a slight excess ot oxygen or gas contairting<)\ygeif, sifeh as 
nitrous ^asesifrorp an electric fftrnace fot t&e combustion of air, and 
are absorbed by water Qr an aqueous solution, tpgive nitric ficid again, 
and, fince relatively strong at’id may be# obtained "in thijf way, the 
process may be utilised Tor Jhe concentration of dilute nitric acid. 
To avoid niajdng very dilute nitrate solutions, the nitrite may be 
decomposed by a solution of nitric acid containing nitrate, the evolved 
nitrous gases, after mixing with oxygen, being absorbed, for instance, 
by the liquor itself in a, suitable tower. In order to prevent waste of 
acid in the continuous production of nitrate, if the stiength of the 
nitrite solution should vary, the nitric acid obtained by absorption may 
be at once mixed with fresh nitrite solution and a slight excess of 
nitric acid, so that the admission of acid is regulated by the concentration 
of the nitrite solution. If impurities such as caabon dioxide be present 
in the gases evolved Ijy the action of acid on the nitrite, they are 
absorbed by alkali before the gases are mixed with oxygen. Free 
nitrous acid is eliminated from, solution of nitrates, or other licfffids 
containing it by treating them with air or other gas, or by reduction of 
pressure, or by atomisation of the liquid. 

Pauling (B. 1 #. 9884, 22nd April 1910); Salpetcrsaure Ind.-Ges. 
(Fr. P. 415749, 9th May^iqio); Pauling (U.S. P. 1991356, 2nd May 
# i9ii). The process •consists in causing a current of air containing 
oxides«of nitrogen to meet an opposing streant of alkali (e.g. in a ?erie» 
of towers) ; some of the resulting nitrite is, however, separated by 
evaporation of the lye at a^ivenjioint (aTte^it has# traversed some of 
the towers, for instance), ayd nitrate is crysfailisetf from the resTdual 
liquor (containing approximately dfjual ^proportions of nitrjte and 
nitrite^ter it has passed through the rest of the, system, when nitric 
acid is mainly abtorbed and nitrite is decomposed wi*h the 4bimation 
of nitrate. . • # • • 

Norsk Kydro-Elektrisk KvaelsiofaktieSelskab (Fr. P. 425997, 
13th February i9ii;*U.S. P. 1110481, *r 3th September 1914). A 
mixture of a nitrite and a nitrate* is treated with a quantity of nitric* 
acid equivalent to the amoiyit of nitrite present, and the nitrons gases, 
which are evolved, are absorbed with restricted access pf air by an 
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alkaline solution with the formation of pure nitrite; the residue of the 
mixture treated consists of pure nitrate. , \ * 

HamJ)el t (Ger. P. 32103d, nth March 1919).' Jhe acid radical of 
the initial salt f is precipitated Sn d slightly soluble form, Snd then 
converted into a soluble .salt in combination with a less soluble one by 
the action of ammonia &nd an' acid gas 01^ anhydride. These salts ih 
turn are treated with the desired acid for 1 * the end product, in its free 
stately Vhich 'means the initial precipitating salt for the process is 
recovered. The method h applicable to the .production * of nitrates of 
potassium, ^sodium, am}- magnesium, the sulphates being f\rst treated 
with calcium nitrate, the e precipitated calcium sulphate therl con- 
verted into calcium carbonate and ampioni'um sulphate by means of 
ammonia and carbon dioxide, and the calcimn carbonate finally 
converted into calcium nitrate by treatment with nitric acid. f 

Hood (B. P.,149783, 20th May 1919). Normal aluminium nitrate 
is prepared by double decomposition of aluminium sulphate with 
calcium, barium, or potassium nitrate. 



CHAPTER VJU 

an aCid AND WAT Sr balance. 

• » • 

Conductions Used. 

• 

T.N'.A. = Total Nitrogen Acids (expressed as HN0 3 ). 

S.A. = Sulphuric Acid. 

N.A. --- Nitric Acid. 

S.N.A. = Stiong Nitric Acid. 

W.N.A. = Weak Nitric Acid. 

R.V.A. - Revivifying Acid. 

M. A. = Mixed Acid. 

N. Co. = Nitro-Cotton. 

N.G. - Nitro-Glycerine. 

• Introduction. 

In order to manage an acids factory successfully, where thtre 
is a circulating system, it is essential to know — 

(a) The effect any particular programme of work will 

have oil fhe stock of acid at each plant; 

{b) The most economical method of dealing with the acids 
• involved. * • • 

Without a kqpwledge of (a) the working would be chaotic 
and might lead to stoppages owing # to # some # storgge systems 
becoming too full and others to«r low. Unless (J) •is investigated 
the vital question oncost ns negated # 

The # £ase crr* r »idefed here is that Bf an acids factor/ which 
has to deliver # nitric acii in suitable form for the production 
of nitro-gtycerine and* nitro-cotton. , The following equations 
serve to illustrate the formation j>F these important nitrates: — 

C 3 H t (OH )3 -K 3 HNO 3 = C 8 H*(0 .H0 2 ) 3 + 3 H 2 0 

Glycerine % Nitric A^id =? Nitro-Glycerinc + Water 

(C 6 H 10 O 6 ) 2 + 6HNQe = C 12 H I4 (N0 8 )A+6H 2 0 ' 

* Cellulose + Nitric Acid = a Nitr*-Cd$ulose -f Water 
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In actual practice the N0 3 radical is supplied as nitric acid, 
and this is nSixed with sulphuric acid, ^inde tlfe' formation 
of the nitrates takes place^ much better ifi , its presence. 

& Nitric Acid Consumption/ 

In the nitration processes, nitric acid is consumed and 
watec ie produced.' To keep the nitric 'acid content of the 
system constant, it is t neressary to introduce a corresponding 
amount of fresh nitric acid. Further, in actual practice, each 
plant handling. nitric acjd fias a certain working loss and this 
amount increases the consumption figure. 

The fresh nitric acid is introduced into the system by the 
nitric acid retorts which manufacture nitric acid from nitrate 
of soda and sujphuric acid. The N0 3 radical is thus introduced 
to the acid system in the form of nitrate pf soda. 

Water. 

The spent acids returned from the nitrating plants contain 
* the water introduced by the chemical reactions and in the 
process of washing the nitrated cotton and glycerine. Water 
is also introduced to the system in various other ways, eg., in 
absorption towers, denitrators, etc. 

For the preservation of a balance in the acid system, all 
added water must be removed. This is done at the sulphuric 
acid concentration plant, and at the oleupi plant where 
manufactured S0 3 absorbs water from the system. 

* * Sulphuric Acid Consumption.^ 

Theoretically there should not be consumption of sulphuric 
acid at any f»art of fhe acids Dection except the nitric acid 
retort^ Here it is* used foi; the decomposition of nitrate 
of sod&. ' • 

NaW0 3 * H 2 SO, , - NaH£0 4 + HNO P . i 

Thtelisage represents total loss of sulphuric acid to the section. 
In practice, all plants handling sulphuric acid lbse a little, 
and this amount must be reckoned as consumption. 

Sulphuric acid i ( s in this ihstance re-introduced to the 
system by the Grillo oleum plant \vhith manufactures oleum, 
losing sulphur as the Cctw/ material. o 
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BALANCE FOR 100 TOlJS CORDITE 

Requirements from Various Plants. 

, • ' Qril^o .Oleum Pl&nt. . 

# To produce, oleum (104-5 per cent. .MoSOJ. The f SO.* 
produced is absorbed by “ feed acid ” (9^ per cent. H,>S 0 4 ). 

. *• • * 

« * • 

. • Nitric Acid Retorts. • # ^ # # 

To # prodtice # nitric ! acid. • The a< 5 d *is produced as strong 
nitric aci<j (S.N.A) and as weak nifcric aci^* (W.N.A), £ portion 
of th£ W.N.A coming frgm the absorption systdn of the plant 

0 

Stills. 

• To separate the nitric and sulphuric acids from ( <r ) spent 
acid (from the nitration of cotton) ; (/;) specially 'mixed acid. 

In the process bo*th S.N.A and W.N.A are produced. In 
addition, weak sulphuric acid (78 per cent. n 2 S0 4 ) is produced. 

Denitration. 

To separate end recover the nitric affd sulphuric acids in 
spent acid from the? nitration of glycerine. Owing to the 
use of steam for denitration purposes the acids prod%ed 
are relatively weak. 

Sulphuric Acid Concentrators. 

To concentrate all tfie weak* sulphuric acid produced. 
.Water is expelled *f»om the system as # steam. 

• 

Mixing. 

To mix acids as/equired. *It may a&o corw^iently control 
stocks of and deliJej^ tile concentrated sulphuric acid # of the 
acid section. 

Preparation of Balance for Production of ioo Vons 

of Cordite. fSefc Fig. 132.) 

♦ • 

The necessary* data ^re ’the result* of actual working' 
experience on the varfeus^ plants as shown ©n flow slfeets for 
previous oeriods. 
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Naturally, 1 as experience grows, th$ more nearly is one 
able to forecaSt actual plant efficiencies *jand re$>veries, and 
the balknpe becomes more and mope delfcately adjusted. 

Data. 

The following figures are drawn«from considerable working 
expwier.ee y 


Nitro-glycerine r required . ‘ . 43 tons 

Nitro-cotton required . «. . . . - S3 tons 

Mixed acicl required per ton ‘of nitro-glyccrino . . . 2*658 tons 

Composition — r 

H 2 S 0 4 58*5 per cent. ; T.N.A. 40*4 per cent. ; H 2 0 wper cent. 

Spent acid produced per ton of nitro-glycerine . . . 2*004 tons 

Composition— c 

H 2 S 0 4 74*3 per cent. ; T.N.A. 8*7 per cent. ; H 2 0 17*0 per cent. 

Mixed acid required per ton of nitro-cotton . . . 20*092 tons 

Composition — c 

H 2 S 0 4 62*15 P er cent. ; T.N.A. 23*00 per cent. ; H 2 0 14*85 per cent. 
Spent acid produced per ton of nitro-cotton . . . 20*077 tons 

Composition— 

H 2 S 0 4 61-3 per cefn. ; T.N.A. 19*7 per cent. ; H 2 Q 19 per cent. 

H a S 0 4 consumed at retorts per ton of HN 0 3 produced . 1*354 tons 


Efficiencies of Plants.— 

Stills — (a) Nitric acid . . . .96 per cent. 

„ (b) Sulphuric acid . . • f 99 ,, 

Retorts . . . • 1 . 95 „ 

Denitrators— (a) Nitric acid . . 99 „ 

, „ r ( b ) Sulphuric acid . 99 „ 

Gaillard towers . °. . 99 „ 

c'Grillo ojeum “ . e . .. . 95 „ 


No ’loss is reckoned bn the mixing plant, the efficiencies of 
the plants being veckon^d ort the content of the mixed acids 
produced. 0 


Recoveries of Pfaats. — '* ’ 

Stills— Average strength of nitric acid produced = 84*3 per cent. T.N.A. 
, „ sulphuric acid „ == 78*0 * „ H 2 SQ 4 . 

Retorts — * „ „ t nitric acid * „ — 86*5 „ T.N.A. 

Denitrators— „ 0 „ „ t f,* = 56 „ T.N.A 

t V „ „ auljjhuric acid „ =74 » ,^i*S 0 4 . 

1 1 1 • «s. 
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• Assumptions. ^ 

This balance is«donstructed on the assumptions thafr: — 

1. All weak nitric aci^J fs used for revivifying acid. „ 

2. Consequently no stills mixed *acrd is prepared on the* 

mixing plants * # • * 

# 3 - No change if desired in the stocks <Jf /murids* * 

; i ) • • 

Acids required for Nitrating Houses. 

• • • •* • 

• 43 tons of N.G. r^quije 1 14 3 4>ns of mixed add, 

and pfodqpe 86-2 „ spent acid. 

53 of N.€o. require 1064*9 „ mixed acid, 

# and produce 1064- 1 „ spent acid. 

The last-named has to be divided between the mixing 
plant and nitric acid stills. The calculation for this division 
is done later. The other figures are inserted in the balance, 
together with the content of each mixed acid calculated from 
its analysis. 

* 

Acids required for N.G. Mixed Acids. 

For 114-3 tons °f N.G. mixed acid, we require : — 

(1) 64. tons of oleum .... 104-5 per cent. H a S 0 4 . 

(2) 50-3 „ nitric acid . . .91-8 „ T.N.A. 

Normally tine* nitric acid for this purpose will come from 
the nitric acid retorts, together with the nitric acid to make 
,up for the consumption and losses. JThe latter quantity is 
considered at # a later stage. Introducing 50 j tons of strong 
nitric acid, the retorts wilj also produce *veak ftcid. # % 

* p 1 | # 

• j * • * 

Determination Rjf^ire Amount of Weak. Acid produced in 

preparing 60 ».tons of 9 J -8 per cent.^T.N.A, — 

• * • 

Average strength of production = 86.5 per cent. • 

Assume a make of poor tons of £cid. * * 

This Represents 86.5* tons * 

Average strength of weak acid , *= 64 per cent. 

Amount of w£ak acid produced =noox - 50.^ tons. 

T.N.A. content of wysak acid produced = (ioor - 50.3) * .64 tons. 

. «--= 64r - tons. 
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Tabulated^we get 


fr— 

c 

• N.A. 

• c 

T.N.A? « 

• ft c 

HgO. 

€> 

1 

1 r — 

c 


cStrong . • • 

Weak . • , 

50-3 
100* - 50.3 

* 46-2 

64*- 32-2 

c 4.1 

36*- i 8 -i 

Totil . ’• 

* « V « 

1 00* 

» 

6^*4- 14, 

36* - 14 

• 


t « * 

86.5 (average strength) 
Hence ioojt hx — q * 

Whence iooa = 62.2 tons. 0 
Weak acid produced = 11.9 tons Containing 


= 64# + 14. 

7.6 tons T.N.A. 


In this balance this is used for R.V.A., and these figutes 
ire noted for their appropriate places. 


Consumption of Acids at N.G. Nitrating House. — 



Tons. 

Tons JI 0 SO 4 

Tons T.N.A. 

Tons 1I 2 0. 

Acid entering 

« H 4-3 

66.9 

4^-2 

1*2 

Acid leaving 

86-2 

64*0 

7-S 

14-7 

Consumption 


2.9 

'' 3»-7 

i* 3-5 

Water introduced 
— • 


- - 



Work of Denitrators. — 


The spent acid is denitrated, losing .1 ton T.N.A. (99 per cent, 
recovery) and .6 tons H 2 S 0 4 (99 pCr cent, recovery). 

1 7.4 *' < 

W<°ak nitric ac’d produced (56 per cent.) . - ^ - i 3 - ? tons * 

(This acid it used /or R.V. A.) 

1 ! i N f 63.4 

and Weak sulphuric acid produced (74 peV-ent.), - — - - 85.7 » 

0 *> f f 

(This acid goes to the concentrator^.) .* «• 

. 1 r 

Water entering denitrators . . . . = 14- 7 »> 

Watfcf.leaving denitrators (5.8' in N. A. 22.3* in S.A.) .* = 28.1 „ 

Water introduced by denitfyto^s ' . . . = 13.4 „ 


Water absorbed dn Grillo Oleum Drying Towers — In this 
balance 1 oleum is usecf for drying^ purposes. The amount 
required depends upon*the*at}iount of plant working. 




^ NITRIC ACID| BALANCE 


*33 


For -the programme here considered, the requirement is 
12 tons of oleum. <The weak acid produced the towers is 

30 ton^(66-7 per^nt. # * # 

(This acid (joes to the.concentrators.) v * # 

• 12 tons of oleum contain 10.2 tons’SOgtand i.^tons H 2 0 . 

30 ,, ^ weak add 16.3 „ S0 3 and*3.7 „ H., 0 . 

S 0 3 absorbed •= 6A tons. ^ # # 


and water , 


>»• 


Qpnsftmption of Acids at N.fco. Ni!rating Howse.— Thq 

consumption of acids aftd £ntry of water are calculated in the 
same way and inserted on flic balance. 

Allocation of Spent Acid to the Mixing Plant and Stills.— 
Fhe figures nbw required are : — 

(1) The amount pf spent acid to be distilled. 

(2) The amount of spent acid to be revivified. 

(3) The amount and composition of R.V.A. to be produced. 
Assume : — 

(a) iocu - tons of spent acid are distilled. 

(b) 1 00 y • •„ sulphuric acid 1 m , , r „ . 

. , 1 arc needed for R.V. A. 

(c) 1005 „ • oleum ) 

t is clear that three equations must be found connetffing 
hese three*unknowns. 

The stills receivp ioo„v tons of spent acid containing 6T.33.V tons of 
i 2 S 0 4 and 19.7$* tons of T.^.A. # 

lecjvery — (1) Nitric^icid (96 per cent, recovery) « 18.93.V tons. 

# Average strength ^ 84.3 percent. 

• .’.Acid produced --- 22.44.V tons. 

(2) Sulphuric acjd (99 per cent, recover^) - 60.72a: * 

# Average sti^neth • ^ 78 per ceat. 

• Ac^i preducea # = 77.85* Jons, 

• ^ _ • • 

(The wholS*of the n^ric acid produced ij used for R.V.A. ; 

he lUlphuric acid goes to the concentrators.) • • • 

• • • •• 

Nitric Acitf Balance. 

• » • • 

To keep the T.*N.A. in tho system constant, it is necessary 
0 make a balance of gtjie T.N.A. confent of the wliote of the 
cjds to be used for mixed* acids, and tlie content desired. 

* ' * 2 E . 9 
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ACID AN p ^ATER BALANCE 


Considering the acids available for reyivlfi cation, we have ■ 


« Acid, 

c 

r L 

. 0 

Tonnage. 1 <- 

... 

Tons T.N.A. 

ft 

45pent add . . ' . . 

Stills nitric acid t . t . * . 
Retorts wfeak litric acid* (produced 
with strong fCi N.G. M.A.) 
^Denitrator*^ . , . c 

i ( { 

Total T.N.A available 

1064*1 - IOOV 

2 2 . 44 V 

c 

l f l <9 1 

13-2'.' 

•-I0-0- 19-73* 
i8-93* 

, 7*6 

7-4 

(' 

225 . 0 - -8v f 


But the amount of T.lS.A. required = '1,064.9 x .23 

*• = 244.9 tons. • 

Therefore the retorts must also supply 244.9 “ ( 22 5 ~ *&v) tons 
to keep the T.N.A. in the system constant, i.e,, 19,9 + .8.* „ c. 

Since the average strength of the acid produced - 86.5 per cent. 


The amount of jtcid required from the retorts is 


19.9 4-. Sx 

^865 


tons. 


Three Equations. 


= 23 + .92Atons. 


In practice the gvhole of the acids used for producing 
nitro-cotton mixed acid are tabulated ( and equated to the 
mixed acid produced. The above step is inserted to show 
hoV the additional amount of nitric acid from the retorts is 
found. 


The complete tabulation thus becomes:— 


Kind. 

Tons. r 

Tons' lI.jSOj. 

♦* 

Tons T.N.A. 

Tons HjjO. 

Spent**. . . 0 . 

Stills, nitric add . 

1064.1 - IOOr 

652-6 -61.33* 

210- 1973 * 

201.5 “ i8, 94^ 

22.44V , 


lN 3 * 

3 - 51 * 

Retort* weak nitric aci»’ 
(produced with strong 
for N.G. M.A.) * < 

lb -9 

% 


4-3 

Additional retorts, nitric 
acid (average strength) 

23.O+ .'92* • 

V 

... X 

19.9 + -8v 

3 -I + .I 2 V 

Denitrato/s, weak nitric 
add . . . .1 

13*2 


74 

H 

Sulphuric add . . 

iooy 

93 y 

.1 

V 

Oleuqj 

100 g 

104.5* 

**’ . 

-4.5* 

Total . 

1112.2 — ^76*04-* , 

652-6 -61.33V 

2449 

214-7-15*31 

t 

+ IOO> + IOO*, 

4 

+937+104.5* 

... ,, 

+ 7 ? - 4 - 5 * 

N.Co., miied acid re- <. 
quired . ^ . 

1064.9 

e 

r • 

661.8 ■ 

244.9 

158-2 
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SULPHURIC A(jID BALANCE 435* 

The T.N.A. colunyi has been made to balance as indicated 
in the previous f>a*lgraph. * 

Thg water column, is jnerely a difference column # hence only 

two equations^ havh been* (determined. ,Wsing # the first two 

columns we get: — . * • 

# . • • 

• § 

0 1 1 12.2*- + IOOy + 1005 =<1064.9 

£ i.e.y *76.640: - 1 ooy - 1003 ^ .3 * 

. 652.6i-6i.3^v-f9aK+*ioi5s = 6<?i.8 
II. 61.33a- 93J - 104.1I = -9.2 • 

• . • * 

, Sulphuric Acid Balance. 

• The thircj equation is obtained by balancing the H 2 S0 4 
over the whole system. The total ILS0 4 required is 

(1) That consumed at the Retorts. 

(2) That required as feed acid for the tTrillo Oleum Plant. 

(3) That required for mixing. 

This acid has to be delivered from the Concentrators, 
their receipts being : — m 

(a) Weak acid from the Denitrators. 

(^) jj „ Grillo drying towers, 

to „ „ Stills. 

H 2 S0 4 Consumption at § Retorts # — 

TI 2 S0 4 consumed por ton of T.N.A. produced -- 1.354 tons. 

• *T.N.A. produced iy Retorts = (46.2 + f .6 + 19.f4-t-.8A'). 0 

rf 2 SQ 4 required = %73*7 + •&) I-354- 

,. =99.8+1.08.1'. ... *. (1) 

0 1 | ^ 

H 2 S0 4 required as^Feed ^id.at tfrilio.— Particulars of 

)leum refaviretfnents are: — • # •* 

•» • < , 


Requftod for # 

Tons Oloum. 

• 

Tons 

Tons II^). 

• • 

N.G. mix&l acid 

N.Co. mixed acid . 

Grillo drying towers t * . 

• 

Total . * 

o 4 .o, , 
1002 

12*6 

« 

• &. 9 
, 104.5.* 

. ,2 ’ 5 

~2*9 

-4-5^ 

-0.5 

76 + 1002 

ft- 

¥ 

79*4 + 104.52 

0 

• 

-3.4-4.52 

• 
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ACIDc AND \^ATER BALANCE . ' 

The object of the Grillo plant is to <add S0 8 to feed acid 

to form oleumt In doing this it also produces ft S0 3 which 

is absorbed in the drying towers * this f i? allowed c for in 

paragraph 3, and it, produces ^Og (and °S0 2 n which remains 

Unconverted) whicji are ‘lost. This loss must be allowed for 

in calculating thq sulphur required,, but as it does not enter 

the system, provision is made ‘for it actually in this 

calculation. (Consideration of S0 3 absorbed by feed acid to 

form oleum, * 1 

' r 1 . * 4 « 
t Assumb 1 00a tons of feed acid are required — 

This contains 93a tons of H 2 S 0 4 , and has to produce 76+1005 tons 

of oleum (as in above table). ** - 

SO a absorbed =76+1005-1000. ^ f 

This expressed a^> H 2 S 0 4 = (76 + 1002 - 1000) jj? ^ since 

= 93.1 + 122.55 - 122.50 tons. 

Also H 2 S 0 4 content of oleum produced — 79.4+ 104.55 tons. 

But H 2 S 0 4 content of feed acid ~ 930 tons. 

.*. Gain in II 2 S 0 4 content = 79.4 + 104.55 - 930 tons. 
This gain in H 2 SOp is due to S 0 8 absorbed c a,nd therefore must 
equal this amount expressed as H 2 S 0 4 . *■ 

Thus 93.1 + 122.55 - 122.50 - 79.4 + 104.5s - 930 
** Whence 930 = 56.745 + 43.2 . . . . (2) 

This is expressed in this form as the equations are to be based 
on H 2 S0 4 content, and 930 is the H 2 S0 4 coht^nt of the feed 
acid required. * 4 

H 2 S0 4 required fo,r Mixing. — The sulphuric acid reqifired^ 

for rrtixing = gty tons*H 8 S0 4 « (3) 

H 2 S0 4 Usage al^ Concentrators. — The Concentrators 
receive : — « • l s * ' 

•' * • v * 


r 

i 

• Tons % 

** H2BO4. ^ 

V ' H ■/>. 


F.x-Denitwtors 
Ex-Grillo . . 

Ex4>tills . . 

8$*7 

3° t 
77*»5* 

63-4 '' 

20 ‘ 

6072* 1 

22 ‘i 

10 

17.13* 1 

o 

P^432 

P- 433 

P- 433 

Total . 

- 0 

H5'7^77'85^c 

83.4 + 60 * 72 * 

i 

C2.3 + I7*I4* 



« 

Recovery = 99 per cenl'H 2 S 0 4 . 


H 2 S 0 4 produced 82.6 + 60.110:. 



SOLUTION OFj EQUATIONS 
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w 

Total H 2 SO^.-— Summing the requirements of H 2 S 0 4 over 
the whole system # « 

{i) For Relorts • • ■. # 99.8 + 1.08# # • 

(2) For Qrillo*. . * 43.2 • 4 + $6.>j4z # 

* (3) For R.V.A. * • ,93^ 

Total . , 143.0+ i.o8.r-^;6. 74s + 93^ 

.Thus • 8 • # 

$2.6 + 6o.iift = 143.0+1.08^ + 56.745 + 93^ 

III. V*. 59.03* - 93^-5^74^ = ^0-4 

and fyis is the third ecjwatian. • 

.Solution of Three Equations. 


We now have to solve : — 

I. 76.64*-- joo y - 1005-47.3* 

II. (f1.33.v- 93^-104.55 = ~ 9- 2 

III. 59.03.V - 93^ ~ 5^-74* -tfo.4. 


Ordinary algebraic methods give the following solutions : — 
ioo.v = 347-0 

9 9 100^ ■= 56.2 * 

% 1005 = 162.4 


Completion of Acid and Water Balance. * 

Having obtained these figures the acid and water balance 
may fye completed : — 

0 Spent acid to stills = 347.0 tons. 

Spent acid for revivification — 71 7.1 tons. 

their respective Contents are worked out and inserted 
The lgss afcthe stills is (a) 2.8 f«ns T.N.A. 

T.N.A. produced =^5.7 tons contained in ^7.9 tons of average 

strength acid. . , 0 • • • 

• .$) 2.1 t$ns H 2 SO., # . 

/. HJSO4 produced = 210.7 tons cflhtained in 270.1 tofis of 78 
per qgnt. acid. \ * * # . 

The extra nitric acid»produced at th^ retorts is 22T7 tons T.N-A* 
This is produced as 2 1% tons of strong pcid. 

4.6 tons of wAk*acid. 

The 4.6 -tons (ephtaining 2.8 tofts T.ltf.A^) is accordingly added 
to the 1 1.9 tons already noted (p. 43 2 )- • * • 

Oleum required for R!V.£. - 162.4 to*ns. 

Sulphuric acid required for R.V.^ =8 5 ^ 2 tons * • 4 



138 ACID € AND f WfVTER BALANCE 

t * , 

This is split up as follows : — * , , $ 

(a) 36*2 tons are used in the manufacture of $ t V.A. 

(t>) 20 tofos (approximately t pec cefntr of 'the hitro-cottonD mixed 
acid prpduced) are use'd* direct for the revivification process. 

• 1 . 

The R.V.A. accordingly consists of^ — • 


f 

Tons. 

'h 2 so 4 > 

T.N.A. 

H a 0^ 

, » ^ 

Oleum 

ft 

162-4 

1I9.7 

1 

- 7*3 

Sulphuric acid . - . .« 

36-2 

33-r 

... 

2-5 

^Retorts, strong nitricucid . . v . 

21-6 


19-9 

*•7 

Ketorts, weak nitric acid . 

l6-$* 

r 

10.4 

>6-i 

Stills, average strength nitric acid 

77.9 «. 


65-7 

12-2 

Denitrators, weak nitric acid 

13-2 

... « 

■ 7-4 

5*8 

R.V.A 

327-8 

203-4 

103-4 

21-0 

4 

Percentage composition 


62*1 

3 i -5 

6.4 


This gives the amounts of acids (and their origin) to which 
the Mixing Plant will work. 

It is necessary at this stage to check the working to 
ascertain that : — R.V.A. plus Spent Acid plus Sulphuric Acid 
= the required Mixed Acid. This may be done by the following 
tabulation 


f 

Acid. 

Tons. 

II2SO4. 

T.N.A. 

Hs>0. 

Desired mixed acid .... 

1064-9 

661 -8 

244.9 

158-2 

Spent acid 

7 I 7 -I 

439-8 

ni *5 

135-3 

R.V.A : 

327-8 

203.4 

103.4 

21*0 

Sulphuric acid 

20-0 

18-6 u 


l i 

Mixed*acid produced . i . 

IO64.9 

661-8 

24^-9 



Sulphuric AciO BqlLnce.— 


: %. 

> t 

• Acid entering Concentrators. 

^ 

Tons. 

s -<r 

H 2 S 0 4 . , 


c " 

Prom stills ...... 

Prom denitrators • . 

From Grillo. . . 1 . 

270-1 

85 - 7 ' 

30-0 

1 210-7 
63-4 
20-0 

* 59-4 

22-3 

16-0 

Loss H a S 0 4 . « ; 

385-8 

294.1 

2-9 

91.7 

Aci<l produced 93t per cent. . 

Water expelled. 

U 0 c \ 

313*1 c 

► 291-2 

21-9 

69.8 






WATER BALANCE, 
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The distribution of acid is calculated from the equations dealing 

with sulphimc aCid# ; ‘ 

• 

TJte Grillo Plant requir|S . . 

135-3 tons tf 2 S0 4 

The Mixing Plant required 

. 103-6 *, 

The Nitric Acid Retorts require . .. 

52*3 „ „ * 

* Total requirement^ . 

0 ?£L 2 t0 * s h 2 so 4 

This is the production of jfie Concentrators. 

4 

• - 

SO% Production for the System by the Grillo Plant . 

• # 01eum produced . 9 . 1 

. 238-4 toi$ 

• Feed acid entering # . * 

• i45i ,, 

.*. S0 3 added . • . 

92*9 » 

S0 3 absftrbSd in system . 

• 6* 1 „ 

• .\ Production 

99-0 tons 

This requires 22-3 tons of watei to be absorbed fitom the system to 

become 121-3 tons of H 2 S0 4 (100 per cent.). 


• 

The H 2 S0 4 shown on the balance as lost and consumed is : — 

Nitro-cotton Nitration 

9-2 tons 

Stills .... 

2-1 „ 

Nitro-gkycerine Nitration . + 

2-9 „ 

Denitrators % 

•6 „ 

Concentrators 

2-9 ,, 

Retorts .... 

. 103-6 „ 


121-3 tons 

Thtfe no additional H 2 S0 4 is added to the system. 

m 

• • 

JVater Balanc§.-— • 


.Water entering at * 

• 

, Nitw-cotton Nitration HoT^e * 

43-3 tons 

Stills . . # , • 

- • s -% ,1 

Nitro-glycerine jfitratioa House | 

- \ * 4'5 11 

Denitratorg .#■ • • 

134 11 

► Retorts * 

• • 4-1 ,, , 

Grillo* i r 

- n^9 11 * 

• a 

a tf 

q2-i ton^ 

Wattfr leaving system at Concentrators 

. 69-8 tons 

Negative water content produced at Grillo 

! 22-3 „ 

. • . # * 

* • . .1 

92-1 tons 


Thus the statement produced is an actd and water b (fiance y the 
acid being kept of constant amount ^ityl dilution. 
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ACID .AND \\|vTER BALANCE 

Alternative'balances may be prepared jn a similar manner — 

(a) Showing different methods of r treatifient of acids. 

(b) Altreriijg stocks of acids., * 9 t € 

(In practiced is often found that, the stock of one kind 

of acid y become too large or too small.) * 

(c) Showing'lrhe effect of varying the degrep of sulphuric 

?cid Sapcentration. • t / « 

By a comparison c5f (he balances produced the coats of 
each system of working may be compared. 
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Barium nitrate, manufacture of, 382 
physical characteristics of, 382 
solubility of, 38^ 
uses of, *383, 

manufacture, patents, 421 • 

Basic bismuth nitrate, *387 
^ , Calcium nitrate, manufacture of, 379 
nitrates, 349 * f * * 
Birkelanh-Eyde process, 378 
Bisifhith ni/rate^basic), ^87 
“ Bleacher,” 174 9 

Bleaching, 73, W 178 ' 

patents, 217 * 

Blending of mixed pcids, ^77, 286 
©lock cocks, packing for, 128*- 
“Blows/’ 1 18, 1 19, 123, 124, 165 
Boilk^c over, 17 1 
Boiling-point of nitric acid, 330 
effect of sulphuric acid on, 332 
Boiling-points of mixed acids, 333 
Boiling tanks in Shanks process, 12 
Borates in caliche, 5 
Borra, 2, 14 , 

Bowman and Scott’s ferrous sulphate 
method, 389 

Bricks, acid-proof, 86, 98, 306 
British Dyestuffs Corporation plant 
and process, 129 t 
Brucine colorimetric method, 387, 389 
Brushing nitrate of soda bags, 25 
Building to house mixing plant, 306 
tofiouse nitric acid plant, 92 
to house nitric acid plant, materials 
of construction for, 93 
Burns by acids, 185 
by nitre cake, 187 
Butters process, 16 * 

Calcium nitrate (basic), 379 

• (comlftercial), analytical figures for^ 

content of calkhe, 6 ' , # 

physical characteristics of] 380 
production, in presence of peat 
3800 ' 

solubility of, 381 * * 

use of, for ammenium nitrate 
manufacture, 372 ’ 

uses. of, 382 

manufacture, 378 < , , 

manufacture, patents, 416 « » 

manufacture, by Schloessing^s 

* method, 380 *’ , 

treatment, patents, 419 * 

Calcium sulphate content of caliche, 
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Calculations for preparation of mixed 
acids, 286, 4 . 

Caldo, 14 

Calibration cylindrical ^tanks, 312, 
* of vessels, 310c. 

Caliche, 2, 4, 5, 6, 9, 10, 1 1, 12, 14, 20 

arydyses of, 5, 6 
disposition of* 5, 6 
crushing cf, 12 
densitp of, 6 
c high grade, 6 r 
lixiviatiop of, 12 
low grade, 6 

‘mining of, n <- 

physical structure of, 6 
reserves c/, I, 20 
Campbell ejector, 108 
Capacity of condensing system, 6*: 
of retorts, 48 

Carbon monoxide, poisoning by, 195 
Carboys as containers for nitric acid, 
92, 132, 133, 141,202, 203 
as nitric acid receivers, 92 * 

Carriage of nitric acid, 201 
of nitrate of soda by rail, 24 
Casting of retorts, 51 
Cast iron analytical figures for, 52 
for nitric, acid receivers, 86 
for retorts, 50 

receivers, for nitric acid, 86, 14 1 
Cements, 127 

Ceratherm armoured centrifugal pump, 
9 1 

for nitric acid condensers!' 87, 89 
prism condenser, 77 
Cliance & Hunt cement, 128 
patent' specification, 242 to 
Chemical properties of nitric acid, 343 
Chili deposits, 1 

character of counVry where found, 3 
JocVion of, 2 
* tb,e nitrat^ beds, 4 
nitrate districts, 2 

production of nitrate of soda from, 9 
^1 prospecting for, nitrates, 6 
theories of formation of, 4 $>, 

Chili nitrate — ' 

analysis of, 27 < 

available supply of, » T , 20 
costs of production of, 21, 34 
drying ofj 26 <» 

frying of, in Chili, 15 
exports of, 10, 35 " 

e^pofts of, from Britain, 392 
exports of, from Chili, 35 „ 
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Chili nitrate.— 
losses in extraction ©f, 2 * 
moisture content of, 16* 
ports foi^ 4 * 

price of, 34, 35 * 

prospecting for, 6 • 
shipment of, from Chili, 16 • 

uneconomic extraction of, 2 # 

world’s consumption of, 34, *3$ • * 
Chili njjrate production-# • 
Butters process, 16 
by-products, 2f • 
costs of, 21 
fuel consumption, 20 
Gibbs process, 16 
historical, 10, 32 
national interests in* 21* 
patents, 19 

ptwer consumption, 20 
principles underlying process, 22 
problems of the industry, ^20 
Shanks process, 1 1 * 

statistics regarding, 32, 35 

• water consumption, 20 

Chloride content of nitric acid, 129, 
171 

determination in nitrate of soda, 30 
Chlorine, effect of, on # absorption, 106 
in nitric acid, 73, 106, 139, 171 
Chromate content of caliche, 5 
Chuca, 4 

Clabour pump, 137 
Clarification in Shanks process, 15 
Clothing of workers, 198 
Coba, 5 I • 

Coils of earthen wa«, 81, 130, 14 1 
of lead, 84, 304 * 

of Nbrki metal, 84 • * 

• protection of, at acid le\%l, 306 
of silica ware, 7 a, 84, 138 

of steel, 3<56 

Column distillation for concentration 
of nitric acid, 1 81 # • • 

Combustion chambers ftjr retorts, 58 
Composition of caliche, 5, 6 
Concentration processes fyr nitric* 
aci£ 178 *• 

patents, 218 • , 

Concentration* (strength) of tht retort 
process distillate, 119, 129, 134, 
137, 138, 141, 144 , 145 , M6, 149, 
158 • • 

Condensation by air coofing, 58, 6j, 65* 
patents, 215 
by water cooling, 58 
Condenser joints, 72 
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Condensers— 

Ceratherm prism, 77 
Guttmann, 65, ijr 
Hart, 68, 141 9 

Rough, 78,135 » 
materials ef construction of^8 
requirements of, 59 
Skoglund*7* , • 

S-pipe, 75 135, 141 
thermal syn^ic^ite,76 # 
typgs in use in Britain, 8_ 

Valentftier, 81, 13d, 136, 14 1 
^altham reflux coil, 73 
water supply tc^ 82 J 
Condensing systems, 58, 130, 133, 13$ 
136, 138, 141 

capacity of, 62 ^ 

conduit pipes to condenser, 62 
divisions of, 62 
early types, 58 9 
uptake from the retort, 63 
Conduit pipes to condenser, 62 
Conjelo, S • 

Constant boiling solution of nitric 
acid, 332 

Constitution of nitre cake, 249 
of nitric acid, 341 

Consumption (U.K.) of nitrates, 392 
Continuous processes of nitric acid 
manufacture, 147 

Continuous processes patents, 213 
Contractions on mixing nitric aeft and 
water, 328 

Control of nitric acid manufacture, 174 
“Conversion” process for potassium 
nitrate, 367 

Cofiling coils, protection of, at acid 
level, 306 

Coolingduring acid mixing, 275 

• of nitrd acid, Sty * 

• of retorts, 16^ # 

Copper #*( cfi P r tf) titrates, physical 

characteristic? of, 386 % 

popper (ctfpric) nitrates, preparation 
; j* 3?6 * 

smubility of, 386 • 

uses of, 386* a 

manu&cture, patent, 421 * 

Corrosion of retorts, 51 

• of stf el ccfils, 306 
8f tops of tanks, 305 

Gost of production of nitrate of sot 
21,34" 

of nittic acid, 199 • 

of nitric a*cid, important points 
£eagng on, 174 * , 
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Costra, 4 

Costs and Efficiencies, Reports on, 

157. *74i 176 ' 

of running acids factory, assistance 
in controlling 440 ^ s 

Cracked castings, 305 * * 
retorts, repairing of, t i68* * 
Cracking of retorts, 1, 167 * 

Crushing of caliche, 12 
Crylthlline/ormnf a^mpc&ium nitrate, 

374, 377 . 0 # • 

of barium nitrate, 382 
of calcium nitrate, 380, « 

of copper Jcupric), nitrate, 386 
t of iron (ferric) nitrate, 387 * 
of lead nitrate, 385 
of Jh^assium nitrate, 370 
of silver nitrate, 384 
of sodium nitrate, 361 
of strontium nitrate, 383 
Crystallisation of Chili nitrate, 1 5 
Cupric nitrate, physical characteristics 
of, 386 ■ 

preparation of, 386 
v Cylindrical retorts, 42 

tanks, calibration of, 312, 313 

Davisson scrubber bulb, 3^ 

Dawson spray, 139 

Decomposition of nitric acid in retort 
process, 162 
Denization, 250 
absorption in, 257, 265 
column for, 254 

of nitro*glycerine spent acid, 252, 
266 


patents, 268 
references, 268 


nitrous 


of nitroglycerine spent aci£, ni 
* gaslsm, 257 * « . , 

of nitro-glycerine spent acid, work- 
ing results ir? 257 '• ' 

of T t N.T. spent dti #, 262 / 

Density of caliche, 6 t V 

of nitrjc 


Doping of mixed acids, 278 
Drains, §8, 306 ® . 

Drip'S, lossep due to, 307 
Drying of arrftponium nitr^e, 376 
f of£hili iCtrate in Chili, 15 4 

of nitrate of scria, 26 ^ 

of ftitre, as affecting retort process 

J54 

Dift-fl-givfor hitriqaeid condensers, 88 
“ Duroprene*” 94 « 

Earthenware, 65,* 142. c See also 
Pottery ware 

coils, 81, 130, 141 ' t 

*fans<for fume exhaustion, ri 08, 139 
patching of cracked, 128 
pipes for absorption towers, 99 
receivers, 142 

Efficiency of absorption, important 
points bearing on, 104, 105, 106, 
258, 265, 266 

in mixe'd acids preparation, con- 
ditions for, 306 

in nitric acid manufacture, important 
points bearing on, 150 
of nitric acid recovery, retort pro- 
cess, 143 . 0 

Ejectors for fipqe exhaustion, 108, 139, 
M2 , . . „ . . 

Electrical conductivity of nitric acid, 
336 

Elevators for nitric acid, 91, 1 39* M 2 
Elianite for nitric acid condensers, 88 
Estimation of nitric acid and nitrates, 

389 4 . . 

Exports of Chili nitrate from Chili, 10, 

35 , # 

(U.K.) of nitrates, 392 \ 

Extension ring for retorts, 4 %* , 
Extraction of Chili j^itrate, losses in, 2 

False. bottom retorts, 47 
* Fans for furqe exhaustion, 107 
Ferrio nitrate physical characteristics 
of, 387 


acid' condensed, ^em-' — » j-/. 

perature correction for, 1 19 preparation ot, 600 


Destructive effects of nitric acid, 176 
Detectioh of nitric acid and 7 nitrates, 

389 % 

Devardars alloy, 389 
Devarda’s method, 31, 389 
notes on, 391 

Distillation, 117, 131, 178 * * 
duration eof^ 1 32, 135,^136) *4°) Mb 
143, I 5° 

mixed acids, preparation of, <28? 


Ferrorfs ammonium sulphate method 
for nitric acid'estimation, 245 
Fire dt nger with nitrate of soda, 25 
in retort process, 163 
Firing of retorts, 58, 113 
First aid, 188, 196 « 

‘Floprs, 306 

in nitric acid house, 98 
Fluos in retort settings, 57 
Formation of nitric acid, 322 t 



Formulae four mixed acids- preparation, 
296 .• • 

Freezing-point of nitric at id, 33* 
Frothing, 17 1 • ' 

Fuel consumption, fo? Qiili Titrate* 
! production, 20 # * • ^ 

in retort process, 143, 144, 143 
Fulhe, composition of, from con- 
densing system^ 98 • % • • 

exhausting systems fort 106 * 
mains for, 82 J 

in the p|pparalfr>n qf mixed acids, 2/6 
as a source of loss, 308 
Fuming^itriC acid, 341 * 


Gassing, 185, 192 * • 

Gibbs process, 16 * # • 

Glass for nitric acid condensers. 60, 
•87,90 

Graphic methods in mixed acids prep- 
aration, 290, 300 

Gun-cotton mixed acids, ^analytical 
methods for, 313 

• composition of, 270 
Guttmann condenser, 65 

retort, 46 

Hart condenser, 68 
cost of upkeep of, 7$ * 
joints in, 72 

Haughton’s Ironac S-pipe condenser, 
77 

Heat of formation of nitric acid, 340 
of neutralisation of nitric acid, 340 
of solution of nitric acid, 334 
Heating of retorts, 4 8, 1 1 3 
High grade caliche, 6 • 

potalh (H.P.) nitrate, 362 * 

• potafh (H.P.) nitrate, • analytical 

figufts for, 363 
Horizontal r«ort^742, 129 
Hot acid lines, 304 |( • 

Hough condenser, 78, 13^ • • 

Hydrates of nitric acid, ^36 9 

Hydrochloric acid in nitric acid, 
conteiy of, i*9,^7i # if 

ImportI^(U.K.) offiitrates, 392* 
Impurities in commercial nitric acid, 

, l 7 l • 

Insoluble matter, content of, in caliche, 

V S » 6 . . • • 

determination of, in nitrate of sod^ 27 
Iodate, conteifk of caliche, 5, 6 
determination of, in nitrate $f spda, 
3* . 
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Iodine, appearance of, in condensers, 
.121 

Iodine from Chpli nitrate mother 
liquors, 24 • 

Ir<fti (ferric) nitrat^ plfysical charac- 
teristics*^, 386 

preparation of, 386 0 - 

uses of, 387* . 

Iron for nitric acid recovers, 86, 

w •. . • . • 

Iron^:, 88 

conderfter (Guttmunn type), 66 
for nitric ^cid condensers, 88 
]ftamp foP nitric^acid, 9$ 

S-tyjie condenser, 77 # # 


a^cT 


pipe 


Jointing materials, 127 
material for sulphuric 
lines, 128 

Joints for acid-proqj’ brick floors, 128 

Kestnkr evaporators, 18 

• 

Labour requirements, 178 
Latent heats of nitric acid, 340 # 

Lead coils for cooling mixed acids, 
304 . 

Lead coi 


oil^ for cooling nitric acid, 84 
Lead nitrate, physical characteristics 
of, 385 

preparation of, 385 
solubility of, 385 • 

uses of, 385 

manufacture, patent, 422 
Lead for nitric acid receivers, 85 
Leakage from valves and tanks, 308 
Leaking coils, 304 
Life of retorts, 130, 133, 168 
Lixiviatifn of caliche, 12 
J.ocation*of Chili deposits, 2 * 

Loss due to drij^p, 307 
du^ to/ume, 308 % 1 

• in extraction tf f hili nitrate, f 
^owjgracfe Caliche, 6* 

* 

Magnesium #sulphate 
calicfie, 5, 6 • 

Magnetic rotatory power qf# nitric 
- .acgl, 337 
Maintenance of plant, 176 
AJanon^pter in the distillation process, 

1 116,41^,118,122,124 

Manufacture of nitric itid, 38. See 
also Nitric? acid manufacture 
Medical equipment, 1&5 


T Jb 

Lubncants foi*mixed acid wegk, 306 
content of 
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* « « r 
Melting-point of ammonium nitrate, 

377 

of barium nitrate 382 
of calcium nitrate, 380 
of copper (fcuptyc) nitrate, 386 4 
of iron (ferric) nitrate*, *387 
^ofledd nitrate, 385 * t 

of potassium uitratef 3/0 * 
of silv& nitrate, 384 
o^sodiutp nitrate. 361 
of strontium nitrate, *383 
Metals, action ofmitric acid on, 344 
Mining of caliche, 1 1 , 

Mixed acidi—agityjion during pVep- 
1 aration’of, 275 « 

analytical methods for, 313 
blueing of, 277, 286 
calculations for, 286 
composition of, 270 
cooling during preparation of, 275 
correcting composition of, 278 
for distillation, 282 
doping of, 278 , 

efficiency in preparation of, 306 
fume in preparation of, 276 
plant for preparation of, 273 
preparation of, 270 
preparation of, for distillation, 282 
preparation of, for nitro-cotton, 284 
preparation of, for nitro-glycerine, 
272 

properties of, 313 
pumping of, 282 

railway regulations for transporta- 
tion of, 204 

(Chapter V.), References, 319 
for revivification (R.V.A.), 285 < 
revivification process for nitro- 
cotton, 285 « 

4 samjfung of, 277 * « « 

sludge in, 309 c * 

stirring of, 275* ' \ « 

storing of, 281 •* * * 

uses of, 269 • * . , v 

Mixed £cids preparation, points iy. 

plan^working, 303 ' 

Mixers for mixing acids, 274 
maters for, 27 a, 274, 28^, 303 
M.N.I^ mixed acids, comporition 
of; 270 ' * , 

Moisture content of Chili nitraU, it, 32 
of caliche, 6 1 , 

* determination of, in nifra/e of soda, ♦ 

27 • % * 

Molecular weight bf ammonium 
nitrate, 3 7$ 


Molecular weight of barium nitrate* 
382* „ 0, 

ofoalciurfi nitrate, 380 
of copper (feupric) nitrate, 3 Q 6 
« of jjron ($<&rrfc) nitrate, 387 

of lead nitrafe* 385 
of nitric acid, 340 
of potassium nitrate, 370 
euejlyer nuratfy 384 
of ^)diun\ nitrate, 361 
of strontium nitrate, 383 
Montejus, 139 , « < 

Narki dip* pipe, 179 * r 

''ejector, 108 r 

tnetaf, 81, 83, 84, 88, 130, 179, 18 1 
pipes, 83 * „ . . 

S-pipe condenser, 8r, 130 
Nitrate beds in Chili, 4 e 

districts in Chili, 2 
“ Nitrate of lime,” 379 
Nitrates, *349 
analytical, 387 

consumption of (British), 392 « 

detection of, 387 

determination of, in nitrate of soda, 
27,3i 

estimation of. 27, 31, 389 
exports pf (British), 392 
general methods for preparation of, 
360 

general properties of, 359 
imports of (British)* 392 
market prices of, 391 
as oxidising agents, 349 ( 

(Chapter VIlJ^References, 393 
*manufacture, patents (general), 
422* t t 

Nitrate ol‘ soda, 1. See alsfo ChHi 
nitrate * 

analytical figure^ior, 32 
*ba#?, brushing of, 25 
* hags, waging of, 26 
cayiage of, by rail, 24 
conveyance of, to retort, 108 
drying of, 26 ^ 9 

fir$*danger with, 25 ^ 

introdyction of, c to the retort, 1 10 
methods of analysis^, 27 
other sources of, th$n Chili, 24 
production of, from Chili deposits, 9 
(Chapter I.), References, 36 
Rampling bf, 136 
storage of, 24 c 
ypes'of, 361 

weighing the retort charg^, 1 10 
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titrate of soda, usage, ratio H 3 S 0 4 : 
NaN03,*38, 132, Mi 14% 156, 

. 159 . >74 * • 

^ltre cake, 39 4 • 

aciditf of, J 34 , 140, . 143 , >44.- 145. 

146, 149, 158, 159, 160 * ' 

analytical meth8ds for, 247, 

• burns by, 187 

collection of, in pan4 1 13 f m 
collection of, in*trucks, 1 
constitution of, 249 9 % % 

danger of molten, 114, i^i • 
dissolving of, 1 it; 
fluidity of, 160 • 

gramilating of, 1 15 , 

outlet of retort, plugging*#, 1 16 
powdering of, 414 # 

uses of, 200 • • * 

^utilisation, patents, 233 
Nitre, drying < 5 f, as affecting retort 
process, 154 

; Nitre plantations,” 362*369, 380 
Citric acid- 

absorption spectra of, 339 
action of hydrogen on, 344 
action of, on metals, 344 
action of, on non-metals, 347 
action of, on organic compounds, 
348 • K 

analytical figures for, *29, 17 1 
appearance of, 324 
bleaching of, 73, 172, 178 
boiling-poipt of, 330 
chemical properties of, 343 
chlorkle in, 129, y 1 
chlorme in, 73. 106, 129, 1 7 1 
commercial pime, 198 a 

concentration (strength^ of, from 
absorbers, 105, i$,n65 
concentration (strength) of, in retort 
process, 1*9, 129, 134, 137, 138,* 
141, 144, 145, r 46, 149) J 5 S # 
constitution of, 341 ** ( 9 

contractions on mixfhg with water, 
328 • * • 

conveyance pf, by rail, 141, 201 
coolirfc of condensed, 8# # 
cosfcrf production of, 199 * 
decomposition of, by heaft, 38, 1 5 1 , 343 
decomposition of, by hot copper, 344 
decomposition of, by iron, 1 50 • 

decomposition of, byjight, 344 
decompositfon of, in»retort process, 1 
162 • • 

delivery of, from receive*, 90 
destructive effects of, 176 • 


■ | , • 

Nitric acid-»- • 

detection of, 387 

determination of density of coi 
.densed, 117 # 

• distillation, detailed description 0 

n5 • 

effect . of nitrogen perpxide q 
* density®f, 120^327 
electrical conductivity #4 336 
estimatjpn of, 38$ • 

formation 0^322 9 

ffcezing-point of, 334 
fuming, 341 

• heat of formation of )% 34o 

hqpt of neutrtilisatio* of, 340 
heat of solution of, 334 
historical, 39, 32 i 
hydrates of, 336 # ' 

important points bearing on cost c 

production of, 174 
impurities inn commercial, 125 
171 

ionisation of, 340 
latent heifts of, 340 
magnetic rotatory power of, 337 
manufacture of, 38, 129, 133, 1$ 

138, 141 

molecular weight of, 340 
nitrofis acid in, 38, 73, 129, 130, 13; 

149, 172, 174, 178, 182, 328 
occurrence of, 321 
oxidation of compounds by # 247 
as an oxidising agent, 343, 347 
and the “passive” state of metals 

(Chlpter II.), patents, 208 

# physical properties of, 324 
preparation of (laboratory), 322 
pure, 323 

railway regulations for t^nspor/ ol 
2&2 

reactions 0^ 344 • 

feccfvers f#r, ^4* 
redaction j#oducts of, 162* 343 
{Chapter II.), References, 204 
♦(Chapter VI.), References, 349 
refractive index of, 339* 
salt| of, J49 m 9 

selling price # of, 199 # 

•smell ofj 324 * 0 

# solution of constant boiling-point 

33* 

specifi<*gravity of, 324 

specific heat of, 33^ 

strength pf, from absorbers, 105 

139, 265 
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•Nitric acid- 

strength of, in retort process, 119, 

129, 134, 137, * 41 , * 44 ) 145 ) 

146,14^158 

sulphate in, 1 *9, \J 1 1 

tests for, 387 • • 

N^nspolft of, 14 1, 201 * 

typi?Tal analysis^of conltntfrcml, 129, 

171 *"■ , 1 

usage of, 1 90 v « 

«use of, in organic analysis, 347 % 
uses of, 200 • • 

vapour density of, 334 t 
vapour presture of, 333 c € 
vessels tor transportation of, 1 4< , 20 1 
viscosity of, 339 

c yjpl rWif in retort process, 132, 140, 
143 )^ 44 ) 145 ) 146, 149 ) 15 6 > 15 8 ) 
159 

Nitric acid condensers, 58 

materials of construction of, 86 
Nitric acid distillation, the “blow,” 

1 18, 1 19, 123, 124, 16 1 
detailed description of, 117 
duration of, 132, 135, 136, 140, 141, 
M 3 ) 150 

iodine in, 12 1 

rate of working in, 121, 1 43 » x 45 > 
146 f 


the “reaction,” 118, 119, 121, 122 
strength of the distillate, 119, 129, 
13# *37) 13 8 ) 141, H4) M5) 

149, 158, 182 

Nitric acid manufacture- 
absorption system, 98 1 

analytical, 243 \ . 

by British Dyestuffs Corporatiof, 
129 

by Brotherton & Company, 1^1 
building to house distillation pro- 
cess, 92 

cement^ used in„' 27 • ^ « 

charging nitrate *of£soda t to the 
retolt, no • * * 

charging sulphuric acid*o the retdrt, 
ill ^ v 
concentration processes, 178 
condenAdg system^ 58 1 

contiwtpus processes, 147 • 

control of, 174 * t 

conveyance of nitre to the ratotf, 
108 , \ * 

detailed description of the^^ti na- 
tion, 11^ * S . 

developments in, in 4 J.S.A. since 

1914, 142 « 


h 

Nitric acid manufactu.^ — # 
distillation process, 1 
drain© for, 9^ 

duration of distillation, ^52, 135, 

• 134 i 44 .Mf, 143 » *6° - 
emc'uency of, I 4 §^i 44 > 145 > *44 M 9 ) 
i 5 Sf 159 ) 173 » 174 , 175 » x 77 
fire danger iq, 165 
floors for, 98 it 

fuel consumption* in, 143, 144 * MS) 
146, 1^9, 161, 173 ) I 75 > 1 77 
fame exhaustion f in, *06 
historical account of, 39 
important points in process c $ 150 
jointing materials in, 127 % 

m^asurihg the sulphuric acid charge, 
110 * 
methods of nrin^ retorts, 113 
methods of handling nitre cake, Ig3 
patents, 208 
plant lay-out for, 94 
plant operation in, 1 1 5 
preliminaries to the distillation, 1 16 
ratio H 2 S 0 4 : NaN 0 3 , 3 8 , 132,* 
M 3 ) M 9 ) I 5 6 ) 1 59 j x 74 
reactions involved in, 38 
by the Societe Anonyme d’Explosifs 
et de Produits Chimiques, 141 
by the South'M^tropolitan Gas Co., 
136 4 

storage of sulphuric acid for, 110 
types of retorts for, 42 
by the United Alkali Co., 138 
vacuum process for, 81 
by W. C. Wakefield, 133 f 
water service for, p8 
weighing the charge of nitrate, no 
working* results in, 1 43, M 4 >* M 5 » 
146, I 49 ) f i 5 8 ) 159 , i 73 » 175 ) *77 • 

, Nitric acid retorts, 42 
1 stills, 179 * * . 

Nitco-esters in nitro-glyccrine spent 
« a^fcf, 261 

Nitro-cgllulose mixed acids, com- 
* position off 270 9 

***N^ro-cotton mi xe£ ^cids, analytical 
me^hcAls for, 313 m 

compositjon of, 284. 
preparation of, 284 * 

Nitrogen peroxide, effec^of, on density 
% of nitric acid, 120, 327 

poisoning Uy, 197 * . , , _ . . 

ltro-glycennfc mixed acids, analytical 
methods for, 313 • 

corgpofition of, 270, 272 
preparation of, 272 
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Nitto*glycerine spent acid, analytical 

mewPdstbr, 26 j • 

compoiition of, 257 • • 

denitration of, 252, ft66 
nitric ajnd sulphurifc attfers in, 26 i. 

' Nitrometer methojJ *389 
notes on, 390 • 

•solubility correction dor, 317 
Nitro-sulphonic acid, §48 t • 

Nitrous acid content ^f m^ic acid, 
129, 130, 137, 149, 17^174, 182 
(N0 3 ) i^n, 340* .... * 

Non-metals, action of nitric addon, 347 
“Norjjp saltpetre,” 379 * 

Nori cement, 128 * 

rings? 142 
ware, 86 

Occurrence of nitric acid, 321 
Oleum, composition of, 273 
melting-points of, 273 
Organic compounds, action of nitric 
acid on, 348 

.Oxidising action of nitric acid, 343, 
347 

Packing for block cocks, 128 
for pump and valve glands, 128, 

138 • V 

materials for absorption towers, 104, 
M 3 

“Passive” state of metals, 347 
Patching of cracked earthenware, 128 
of cracked retorts, 168 
Patents^bsorption, £ 1 8 
acid-resisting <^ment, 242 
aluminium nitrate manufacture, 421 
ammonium nitrate manufacture, 401 
barium nitrate manufacture, 420 
bleaching, 217 

calcium Mitral manufacture, 416 
Chili nitrate production, 19 • 

concentration processes, 218. • 

condensation, 215 % 

continuous manufacture, 213 
copper nitrate manufacture, 421 
denitration, 268* # • 

leadiiitrate manufacture^ 422 
manufacture of nitrates (general), 
422 

nitric acid manufacture, 208 
potassium nitrate manufacture, 397 
strontium nitrate manufacture^ 42Q 
treatments ammonium nitrate, 4 14 
treatment of calcium nitrate, ^19 
utilisation of nitre cake, 233 
. • 


Perchlorate; content of, in caliche, 5 ’ 
determination of, in nitrate of soda* 

Perryville (U. ^A.), manufacture of 
• ammonium i^traffe at, 373 ' 
Physical pitiperties of nitric acid, 32A 
stsuctnre of caliche, 6 S 
Pipe line^ atr lockssin, 30c 
for nitric acifl, 8;c # 

for nitrie aci<] fumes, J82 
Plajit maintenance, 176 + 

Plant forking, avoidance of trouble 
in, 303 

flatfornft in nitric acicMiouse, 97 
Pohle lift, pottery welllor, 102 • 

Poisoning by acid fumes, 185, 192 m 
by carbon monoxide, 19^ 
Polysulphate, 149 
Portland cement, 127 
Potassium, determination of, in nitrate 
of soda, 28 
Potassium nitrate — 
content, otf caliche, 5, 6 
manufacture of, by conversion 
process, 367 • 

manufacture of, in “nitre planta- 
tions,” 369 

physical characteristics of, 370 
production of, from Chili saltpetre, 

362 

production of, in India, 364 
solubility of, 370 • 

sources of, 361 
uses of, 370 

manufacture, patents, 397 
Potaslum perchlorate, from Chili 
• nitrate, 24 

Pottery ware, for fume ejectors, 108 
for part's condenser, 69 
, for nitric acicfroondenserS? 86, 9<J 
» for nitric ac^d receivers, ^ 
fljpe.'jfofy 8r ** 
well/or Poyeftnr-hft, 102 
I Pot tyi& fetorts, 4> 0 

\ PoVer for CAili nitrate pr^<juction, 20 
Pfcntice continuous process, 147 
Preparation^ nitrates, 360 
(laboratory) of nitric acta, 322 
Pressures during distillation** 17, 118, 
, I22, 184 

Brices of Chili nitrate, 34, 35 
9 of nifrates, 391 

of nitjit^acid, 199 * 

Producer gas, composition 161 
Production figures, for Chili nitrate, 35 
for ^lijdian saltpetir, 367 
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^Production figures, for nitficacid, 199 

production of nitrate of soda from 
Chili deposits, 9 y 
Properties oKnixed achis, 313 
of nitrates, 35$ « 

of nitric acid, 324 * , 

r^otjf^ctirf^ for nitrates in Chili, § 
economicprosp&ction Aefct, 9 
prospecting sheet, 8 9 
prospection f)lan* 7 t 

% Pmp glands, packing W, 128, 138 
Pumping of mixed acids, 282 * 

Pumps for nitric acid, 90 
Pure nitric acid, 323 # 9 9 

(fommercial)*, 198 t> 

Putty (soft), 127 

Pyromoter|in nitric acid distillation, 1 22 
absorption 


Quartz for packing 
towers, 104 


Railway regulations for transport of 
nitric acid, 202 

“ Reaction ” in nitric acia distillation, 
- 1 18, 1 19, t2i, 122, 165 

Reactions of nitric acid, 343 
Receivers for nitric acid, 84 
Record cards for retorts, 125 
Reduction products of nitric a&d, 162, 
343 

References, Denitration (Chapter IV.), 

26» 

Mixed Acids (Chapter V.), 319 
Nitrate of Soda (Chapter I.), 36 
Nitrates (Chapter VII.), 393 V 
Nitric Acid (Chapter VI.), 34V 
Nitric Acid Manufacture (Cnaptfr 
II.). 204 

Refraction method of nitrate qf soda 
'analyfis, 31 < * , 

Refractive index of nitric acid, 339 
Refuse acftis, 25 1 . .^e afso Sp&Qt a<;ids 


Retorts— 

cylindrical, 42, 129 1 

extension rifPg for, 49 
with false bdtfbm, 47 
.firing of, 5^ 
flnes.tor, 57 * 

Guttmann, 46 

heating of, 58, 113 

honmntal, 4 J, 129 

life of '130, 1,33, 168 

loss or ir$n from, during distilfktion, 

•151. , • 

material for, 50 
methods oPcasting, 51 * 
methods of supporting, 55 
pofctypef 44 

record of wcyking#of, 125 
repairing of cracked,’ 168 
settings for, 55 „ 

size of, 48 
tapping of, 121 
types of, 4% 

Valentiner, 46 
Wakefield, 44, 133 
Waltham, 46 

Revivification of spent acids, : 

Ripio, 2, 14 
Roofing materials, 93 
Rust joint, 12V* * 

R.V.A., preparation of, 285 

Saltpetre, 361 
(crude Indian), analytical 
for, 366 

(refined Indian.), analytical figures 
for, 366 r 

Sampling of mixed acids, 277 
of nitrate of soda, 136 
Seizing of vatves, 304 


285 


figures 


r Settings for retorts, 55 
r Shanks process, 1 1 * • 

, ^ » bailing tanks in, 12 

Reports on costs ancfceljjfciencifs, 157, * crystallisation tanks in, 15 

1 74, ‘176 , * r ^ flow of material in, 12 

Reports of plant working^retorts pVo- * Shipment of CKili nitrate, 16 
cess, 1 % • sttca ware, coils, 74, 84, 131 


Rescue apparatus, 182 
Respiratoni,*184 , t 

Results plant working, retorts pro- 
cess, 143 « 

Retorts— * «< 

« capacity of, 48 * 

cast iron for, 50 * r 

combustion chambers for, 584 
cooling of, 166 • 

cracking and corrosion of, 51, 167 
, • « * 1 9 9 


? , , 7j> .. _ . 

for Gufttrtlann condenser, 68, 81 
for nftric acid conilensers, 8yf 89 
pipes pf, £3 

# S-pipes of, 75, 77, I35„ 

Silicate cement, 127 
Silicon iron, 69, 75 , 77 , ,78, 79 , 81, 84, 
, 8 f 6, 88, 89, *90, 108, 141, 142 

towers for absorption, 99 
for recovers, 86 
pumps, 90 
r 



Silicon iron^for fume 6jectors, 108 
for condensers, 8$, to 1 
Silver nitrate, physi^ttcharacteri sties 
of,%8 4 , . 

preparation of, 3^4 *• « % ' 

solubility of, 38* 

, uses of, 385 * 

Size of retorts, 48 I - 
Skoglund condenser, 73 • . * * 
Sludge in mixed acid$ 309 \ 

Smell of nitric acid, 324 • • 

Sodiuifl chloritle, content of caliche, 5, 6 
solubility of, 23 # 

SodiiUn iodate— content of caliche, 5, 6 
Sodium nitrate. See als<*#NitrJte of 
soda 0 • 

content of calfbfe, ft 6 
physical characteristics of pure, 361 
• production of, in Chili, 9 
production of pure, 361 
solubility of, 23 
solubility of pure, 361 
use of, for ammonium nitrate manu- 
facture, 372 

use of, for calcium nitrate manu- 
facture, 379 
uses of, 361 

Sodium sulphate, content of caliche, 

5. 6 N 

Soft putty, 127 
“ Solignum,” 94 

Solubility of ammonium nitrate, 378 
barium nitrate, 382 
calcium nitrate, 381 
copjljr (cupric) ifitrate, 386 
lead nitrate, ^>5 
pptassium nitrate, 370 
ft re sodium nitrate, 161 
s?l\tpr nitrate, 384 

strontium njfrate, 383 • 

Solubility correction, in nitrometei* 
work, 317 •• * 

Solubility curves of sodium nitrite afid 
sodium chloride, ,22 • % 

South Metropolitan Gas Co., descrip* 

tios of riitrw acid pl^nt andPpro- 
<£s, 136 % 

Specific gravities of mixed acids, 313 
Specific gravity of ammoniuhi nitrate, 
377 • • 

of barium nitrate, 382 
of calcium titrate, 3^) < 

of copper (cupric) nitrate, 386 • , 

of iron (ferric) nitrate, 3^7 
of lead nitrate, 385 
of mtric acid, 324 
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Specific gravity of nitric acid, correc- 
tions for temperature, 1 1 9, 327 • 
of nitric acfd, effect of nitrogen 
# * peroxide on, 327 • 

of potassium r^trafe, 370 0 

of pure^fodium nitrate, 361 , 

ctf silver gitrate, 384 ? 

of Strontiupj nitftite, 38A 
Specific heat of ni|pc acid, 334 
Spent aefti^ 751 • 

revivification of, 285 ^ * 

storage of, 286P 

£-pipe Jondenser, 65, 75, 135, 138, 141 
Statistics regarding CJpili nitrate, 32 
Hoarding nitrates, 391 t 

Still watcher, 70 

Stills for nitric acid concetyrdfion, 179 
Stirring during acid mixing, 275 
Stoneware. See earthenware 
Storage of mixed acids, 281 
of nitrate of soda, 24 
of spent acids, 286 

Strontium nitrate, manufacture of, 383 
physical characteristics of, 383 
solubility of, 383 . 

uses of, 384 
Structure of caliche, 6 
Sulptyte, content of nitric acid, 129, 
171 

Sulphates, determination of, in nitrate 
of soda, 30 

Sulphonitrate content of caliche, 5 
Sulphuric acid, effect of, on boiling- 


npint of nitric acid, 332 
nti)d 


Si 


intfxluction of, to the retort, ill 
mffisuring the retort charge, 110 
pipe lines, jointing material for, 128 
sodium nitrate ratio, as affecting*. 

■etort process, 156 
storage of, fib m ~ 

strength cjfc as affecting^retort pro- 
1 Gftsjiy % • 

irLc a#icf usage, ratip H 2 S0 4 : 

. aNOg, 38, 1*32, 143, 149, 156, 159, 

. 174 «« * * 

Sulphuric esters in nitro-glycerine ' 
spent ftcid, 261 

Supply of Chiii nitrate in existing de* 

• posits, 1 
Supporting retorts, 55 


Tanks. m See also Receivers • 

calibration of, 310, 312 * 

edrosion of tops of, £>5 
Tantiron fof nitric acid condensers, 8^ 
T^ppred spigot ^n«*socket pipes % 83 
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•Tapping the retort, 121 
temperatures during distillation, 117, 
1 18, 120, 122, i2(, 124, 129, 131, 
132 t % ‘ 

Tests tfftr nitrate^ 38^ * 

for nitric acid, 387 *7 

# Tliet^esoNlDrmation of Chili deposits, 4 
Therm®* Syndicate Ltd., condensing 
system of, 76, 139, T41 
Thermometer #n the distillation pro- 
** «% cess, 1 16, 1 17, 122, 124 , 

Tiles, acid-proof, fw nitric a'cid re- 
ceivers, 86 « f 

Titanous chloride method ft>r nitric 
* acid determination, 244, 390 * 
mixed acids, analytical methods 
fot*3ij 

composition of, 270 
T.N.T. spent acid, composition of, 
261, 262 t 
denitration of, 262 
nitro-bodies in, 262 
Tower packing materials, 104 
Towers for absorption of fume, 99 
T|ansport of nitric acid, 201 
railway regulations for, 202 
Trouble, avoidance of, in plant work- 
ing, 303 . 


Uebel continuous process, 148 
Uneconomic extraction of Chili de- 
posit*, 2 

Uptake pressures, 117, 118, 122, 124 
Uptake from the retort, 63 * 

Uptake temperatures, 117, na 120, 
122, 123, 124 \ 

Usage of nitric acid, figures for, 199 * 
( Uses of ammonium nitrate, 378 
of barium nitrate, 383 1 

bf'talciuitf nitrate, 38s t 

of copper (cupric) nitrate, 386 
« of iron (ferric) nitf«jte, ^87 *• r 
of lead nitrate, 385 % % f t 

of mixeS acids, 269 
of nitre c^e, 200 v 
of nitric acid, 200 
e of potassijigi nitrate, 370® 


Uses of silver nitrate, 38 J 
of sodiunf nigate; 361 . 
of str&ntium titrate, 384 


Vac^u^i proems ipx nitilc acid manu- 
facture, 81 • 

Vacuum 6 pump for fume exhaustion 
io-l 137 t 

ValeitfiflQr,concrensii}g system, 81, 130, 

1 3M4.I ** * „ 

Val^ntiner plant, at British Dyestuff* 
Corporation, 129 • • 

at South Metropolitan r Gas Co., 
136 < • 

Valehtine|, r process, modifications of, 


Valentiner retort, 46 . 

Valve glands, packing for, 128 
Valves, seizing of, 304 « 

Vanadate content of caliche, 5 
Vapour density of nitric acid, 334 
Vapour pressure of nitric acid, 333 
Ventilation of nitric acid house, 94 
Vessels, calibration of, 310 
Viscosity of nitric acid, 339 
Vitrcosil S-pipe condenser, 76 


Waltham reflux coil condenser, 65, 

73 S 

Waltham retort, 46 
Washing nitrate of soda bags, 26 
Waste acids, 25 1 

Water (and acid) balance, preparation 
of, 427 

Water for Chili nitfate production, 20 
Water cooling in nitrh. acid condensa- 
tion, 58^ , 

Water service in nitric acid hotfSe, 
98 ° 

#Water supply to condey^ers t 82 
•Workers’ clothing, 198 

9 f % 

YIeld* of nitric* acid (retort process), 
C 132,1140, 143, 144, 145 , M6, I 49 > 

% 156, 158, 159 

*■ 

Zinc nit*&e, 387 
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